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PREFACE. 



To open the path to tlie myriad wonders of creation, 
wbich, altogether unseen by the nnaesisted eye, are 
made cognisable to eight "by the aid of the Microscope, 
is tbe aim and scope of this volume. Great and 
gorgeous aa ie the display of Divine power and wisdom 
in tbe things that are seen of all, it may safely be 
affirmed that a far more extensive prospect of these 
glories lay unheeded and unknown till the optician's 
art revealed it. Like the wurk of some mighty genie 
of Oriental fable, the brazen tube is the key that un- 
loclia a world of wonder and beauty before invisible, 
which one who has once gazed upon it can never for- 
get, and never cea^e to admire. 

This volume contains but a gleaning: the author 
has swept rapidly across the vast field of marvels, 
snatching up a gem here and there, and culling one 
and another of tlie brilliant blossoms of this flowery 
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region, to weave a specimen cliaplet, a sample coronal, 
which may tell of the good things behind. Yet the se- 
lection has been bo made as to leave untouched no con- 
siderable area of the- great field of Zoology which is 
under the control of the Microscope ; so that the stu- 
dent wlio shall have verified for himself the observa- 
tions here detailed, will be no longer a tyro in micro- 
scopic science, and will be well prepared to extend his 
independent researches, without any other limit than 
that which tlie finite, though vast, sphere of study itself 
presents to him. 

Tlie staple of tlie work now offered to the public 
consists of original observation. The author is far 
from thinking lightly of the labours of others in this 
ample field ; bat, still, it is tnie that, respecting very 
many of the subjects that came under his notice, he 
found, in endeavouring to reproduce and verify pub- 
lished statements, so nmch pei'plexity and ditfieulty, 
that he was tlirown back upon himself and nature, 
compelled to observe de novo, and to set down simply 
■what he himself could see. The ever accumulating 
stock of observed and recorded facte is the common 
property of science ; and the author has not scrupled 
to reproduce, to amplify, or to abridge his own obser- 
vations which have already appeared in his published 
works and scientific memoirs, as freely as he would 
have cited those of any other observer, in whicli he 
had confidence, and which were germane to his pur 
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pose Yet in almost all cases tlie observatioiie so used 
have been suljjected to renewed scrutiny, and have 
been verified afresli, or corrected where found defective 

In order to relieve as much, as possible the dryness 
of technical desciiption, a colloquial and familiar style 
has been given to the work ; which has been thrown 
into the form of a series of imaginary' conversasiones, or 
microscopical soirSes, in which the author is supposed 
to act as the provider of scientific entertainment and 
instruction to a circle of fi-iends. It is proper to add, 
however, that the precision essential to science has 
never teen consciously sacrificed. A master may be 
easy and familiar witlaout being loose or vague. 

A considerable amount of information will bo found 
incidentally scattered throughout the work, on micro- 
scopic manipulation — the selecting, securing, and pre- 
paring objects for examination ; — an important matter, 
and one which presents a good deal of practical diffi- 
culty to the beginner. Not a little help will be afforded 
to him, also, on the power to observe and to discriminate 
what ho has under his eye. In almost every instance, 
the objects selected for iUusti'ation are common things, 
Boch as any one placed in tolerably favourable circiira- 
etances, with access to sea-shore and country-side, may 
reasonably expect to meet with in a twelvemonth's 
round of research. 
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The pictorial illustratioiia are almost co-cxtensivQ 
with the descriptions ; they are one hundred and thir- 
teen in number ; all, with the exception of eighteen, 
productions of tlie author's own pencil, the great ma- 
jority having been drawn on the wood direct from the 
Microscope, at the same time as the respective descrip- 
tions were writteji. Ho ventures to hope that they 
will be found accurate delineations of the objects repre- 
sented.* 

ToE<iUAT, Fshraary, 1859. 

* The eubjccla on pp, 48, 64, 112, 114 (the lower figures), and 176, 
hare been copied, under the oourteoxis permisaioQ of tlie pubUsber, from 
Dr. Carpenter's valuable work, " Tho Miorosoope, and its Eevclatlone." 
(Churchill, London,) 
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ETESINGS 

AT THE MIOKOSOOPE. 



CHAPTEE I. 

1I&1B3, rGATSGBS, AKD S0A1.es. 

Not many years ago an eminent microscopist received 
a communication inquiring whether, if a minute por- 
tion of dried skin were submitted to him, he could de- 
termine it to be hiima/n skin or not. He replied, that 
he thought he could. Accordingly a very minute frag- 
ment was forwarded to him, somewhat resembling what 
might be torn from the surface of an old trunk, witli all 
the hair nibbed off. 

The professor brought his microscope to bear upon 
it, and presently found some fine hairs scattered over 
the surface ; after carefully examining which, he pro- 
nounced with confidence that ihey.were hwrna/n hairs, 
and such as grew on the naked parts of the body ; and 
still further, that the person who had owned them was 
of a fair complexion. 

Tliis was a very interesting decision, because the 
fragment of skin was taken from the door of an old 
church in Yorkshire ; * in the vicinity of which a ti-adi- 

* I QiQ writing from memory, having no means of referring to Uic orig- 
inal record, wliich will be found in the first (or eecond) Tolume of tlie 
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2 EVKNIKGS AT TUB MICEOSCOPB. 

tion 19 pTeaerved, that atoiit a thousand years ago a 
Danish robbei- had violated this church, and having 
been taken, was condemned to bo flayed, and his skin 
nailed to tlie clrarch-door, as a teri'or to evil-doers. 
The action of the weather and other causes had long 
ago removed all ti'aces of the sti'etched and dried skin, 
except that, fi'om under the edges of the broad-headed 
nails with which the door was studded, fragments still 
peeped out. It was one of these atoms, obtained by 
drawing one of the old nails, that was subjected to mi- 
cTOScopieal scrutiny ; and it was interesting to find that 
the wonder-showing tube could confirm the ti'adition 
with the utmost certainty ; not only in the general fact, 
that it was really the skin of man, hut m the special 
one of the race to which that man belonged, viz. one 
with fair complexion, and light haii', such as the Danes 
ai-e well known to possess. 

It is evident from this anecdote, that the human 
hair presents characters so indelible that centuries 
of exposure have not availed to obliterate them, and 
which readily distuiguish it from the hair of any 
other creature. Let us then begin our evening's 
entertainment by an examination of a human hair, 
and a comparison of it with that which belongs to va- 
rious animals. 

Here, then, is a hah' from my own head. I cut off 
about half an inch of its length, and, laying it between 
two plates of glass, put it upon the stage of the micro- 
scope. I now apply a power of 600 diameters ; that is, 
the apparent increase of size is the same as if six hun- 
dred of these hairs were placed side by side. Now, 

" Transactiona of the Microscopical Society " of LoMdu. The Rencral facta, 
howevei', maj be 3' 
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HAIKB, FEATHEBS, AND SCALES. 6 

witli this eye-piece jnicromcter, we will first of all 
measure its diameter. 

Tou see, crossing the bright circular field of view, 
a semi-pellucid cylindrical object; that is the hair. 
You see also a mimber of fine lines drawn parallel to 
each other, exactly like those on an ivoiy 
rule or scale, with every fifth line longer 
tlian the rest, and every tenth longer still. 
This is the micrometer, or scale by which i 
we measure objects ; and the difference i 
tlie length of the lines, you will readily i 
gue^ is merely a device to facilitate the 
counting of them. By moving the stage up 
or down, or to eitlier side, we easily get the I 
hair to be exactly in the centre of the field ; ] 
aud now, by adjusting the eye-piece, we I 
make thescale to lie directly across the hair, 
at right angles with its length. Thus we 
see that its diameter covers just tliii'ty of 
the fine lines ; and as, with this magnifying '"""" '"""■ 
power, each line represents l-10,000th of an inch, tlie 
hair is 30-10,000ths,=:3^^rd of an inch, in diametei'. 

In all branches of natural history, but perhaps pre- 
eminently in microscopic natural histoiy, — owing to its 
greater liability to error from ilhisory appeai-ances, — we 
gain much infonnation on any given stmctiire by com- 
paring it with paa'allel or analogous etruetures in other 
forms. Thus we shall find that our understanding of 
the structure of this hair will be much increased when 
we haTO seen, under the same magnifying power, 
specimens of the hair of other anunals. Li order, 
however, to explain it, I must anticipate those ob- 
servations. 
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* ETENING8 AT THE MICEO8C0PE. 

"VVTiat we see, tlien, is a perfectly " translucent cyl- 
inder, having a light hrown tinge, and marked with a 
great nmnber of delicate lines, having a general trans- 
verse direction, but very irregularly aimious in their 
individual courses. These lines we perceive to be on 
the surface ; because, if we slowly turn the adjustment- 
screw, the lines gi-ow dim on the central part of the 
cylinder, while tliose parts that lie neai- the edges (speak- 
ing according to the optical appearance) come into dis- 
tinctness. Presently the edges of the cylinder become 
sharply defined, and are seen to be cut into exceedingly 
shallow saw-like teeth, about as far apart as the lines ; 
these, however, are so slight that they can be seen only 
by veiy delicate adjustment. We go on tuming the 
screw, and presently another series of transverse lines, 
having tlie same eharac'ters as the former, but differing 
from them individually, come into view, at the sides 
■first, and presently in the middle, and then, as we still 
turn, become dim, and the whole is confused. In fact 
our eye has travelled, in this process, from the nearttr sur- 
face of the hair, right through its transparent substance, 
to the fai'thei' surface ; and we have seen that it is sm'- 
ronnded by these sinuous lines, which the edges — or those 
portions of the hair which would be the edges, if it-were 
split through the middle (for, optically, this is the same 
thing) — show to be successive coats of the surface, sud- 
denly tei'minated. If we suppose a cylinder to be 
formed of very thin paper, rolled up, and then, with a 
turning-lathe, this cylinder to be tapered into a very 
lengthened cone, the whole would be surrounded by 
lines mai'king the cut-through edges of the successive 
layers of paper ; and, owing to the thickness of the 
paper not being mathematically equal in every part, 
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these edges would be sinuous ; exactly as we see in 
these lines upon the hair. The effect and the cause are 
the sajne in the two eases, 

A hair is closely analogous to the stem of a plant ; 
inasmuch as it grows from a root, by continual additions 
of cells to the lower parts, which, as they lengthen, push 
forward the ever-lengthening tip. Indeed, in some of 
the hairs which we shall presently look at, there is the 
moat curious resemblance to the stem of a palm, with 
the projections produced by the successive growth and 
sloughing of leaf-baees around the central cylinder. 
Internally, too, the resemblance is remarkable ; for, if 
we split a htiman hair, and especially if we macerate it 
in weak mmiatic acid, we shall find it composed of (1) 
a thin but dense kind of bark, forming the successive 
overlapping scales just described ; (2) a fibrous sub- 
stance, extending from the bulb to tlie point of the hair. 
By soaking the hair in hot sulphuric acid, this fibrous 
substance resolves itself into an immense number of 
very long cells, pointed at each end, and squeezed by 
mutual pressure into various angular forms, " A. 
human haii", of one-tenth of a line in tliickness,* has 
about 250 fibrils in its mere diameter, and about 50,000 
in its entire calibre : so that these ultimate fibrils are 
finer than those of almost any other loiown tissue, from 
the great elongation and narrowing of their constituent 
cells ns they are drawn out into the shaft of the hair 
during growth ; and hence the expanded bulb of the 
hair, where the cells are yet spherical and soft."f (3) 

* This is nearly thrice ss great «3 the diameter I had giyen above, 
whieb Has the result of several careful admeasurementa of different Laira, 
talten from ehildhood and adult age. 

f Grant, Outl. Comp. Anat. Ml. 
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6 EVI^NINGS AT TKB MICKOSCOPE. 

Eniming through the verj centre of the iibrous portion 
may he Bometimea discerned a dai'k slender line, which 
is a 801-t of pith {medxiUa), composed of minute roxuidish 
cells, filled with air, and an-anged in two or three rows. 




The bi-isties of the Hog bear much resemblance to 
tlie human hair. On this slide is ono, which yoii per- 
ceive is just tluice as thick as the hair that we have 
been examining, or ila^i of an inch in diameter. The 
sinuous lines across the surface are proportionally far 
finer and closer together, and no saw-teeth are visible 
at the edge, tlie most delicate adjustment showing only 
a minute undulation in the outline ; that is to say, the 
overlapping scales are far thinner, and tliei-efore tlieir 
terminations are nearer togetlier, in the hair of tho 
Swine than in that of Man. I will now show you a 
transverse section of a similar bristle, which I will ob- 
tain thus : I take tliis old brush, and with a razor cut 
off one of the bimdles of bristles, close to the wood ; 
tiien I take off as tliin a shaving as I can cut, wood, 
bristles, and all : I repeat the same operation two or 
three times. Now, picldng out the shavings of wood, 
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IIAIK8, TEATHEES, AKD SCALES. 7 

I take up a few of the diiet-Iilce atoms with the point of 
mj pen-knife, and scatter them on this plate (or slide) 
of glass, and these I cover -with another plate of thin 
glass ; for this dnst is composed of thin transverse slices 
of the brietles, and as I scatter them, some will fall 
Tjpon their cnt ends, so that we shall look thi'ongh them 
endwise. 

Here is one, very suitable for examination,-:— since it 
is not a whole section, the razor having passed some- 
what obliquely across it, coming out beyond the mid- 
dle, where it thins away to an edge. The outline is not 
cireulai', but elliptical ; that is, the hair is not round, 
but flattened. There is no separable cortetB, or bark, 
and the whole substance appears made up of exces- 
sively flue fibres, of which we see the ends ciit across. 
A rough dark line occupies the middle of the slice, in 
the plane of the greater diameter ; but at the edge of the 
slice we are able to see that this is not a solid core, as 
has been sometimes supposed, btit a cavity passing up 
through tlie hair. It is suri'ounded by a layer of me- 
dullary cells, which appear black, because they are 
filled with air. 

The finer hairs of the Horse and the Ass, such as 
those selected from the cheeks, have the sinuous edges 
of the plates aboiit as close as in human hair. But they 
are distinguished at once by the conspicuousnese of the 
medullary portion, which is thick, and quite opaque, 
and is broken up (especially towards each extremity of 
the hair) into separate longitudinal irregular masses. 

The fine wool of the Sheep is clothed mth imbrica- 
tions, proportionally much fewer than those of human 
hair, while the diameter is also much less. Tiius these 
examples, selected from fine flannel and from coaree 
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B EVENINGS AT JIIK MICEOSCOl'E. 

worsted, vary in diameter from ^nVirt'i ^'^ tstt^Ii ^^ ^n 
incli; and there are, upon an average, al)ont two im- 
brieationa in a space equal to the diameter. !N"o colour 
I perceptible in these specimens ; they are as 
transparent and colonrless as glass, Tlie im- 
bricated platee project liere considerably more 
than in either of the examples we before exam- 
ined ; tlie " teeth," however, form an obtnse 
,„gle. 

"We shall presently see the importance of this 
mbficate structure ; but we will fli-at look at a 
few more examples, in which we shall iind it 
still more strongly developed, in conjunction 
with some other peculiarities. All tlie hairs 
that we hava looked at are wliat I have called 
I iibrous in their interior texture, but tliose of 
imany animals are more distinctly cellular. 

Thus, in these specimens, plucked from the 
BUEEPBw'Li'ui- of the Cat that lies coiled up on the hearth- 
rug, we see, first, that the imbrications are short, being 
about equal to the diameter in length, but are very 
strongly marked ; tliough, liko tliose of the Sheep's 
wool, obtuse. Hence, the contour is extremely like 
that of the stipe of an old rough palm-tree. Tliere is 
a distinct bark (corftw), which is thick, and marked with 
longitudinal lines, which add to the resemblance just al- 
luded to. TiiQ interior is clear, marked off at pretty 
regiilai- intervals by tlie broad flattened medullary cells, 
in single series, each cell occupying, for the most part, 
the wlioie breadth of the interior. These cells are f i-ana- 
parent and apparently empty; but their walls appear 
opaque and almost black, — an optical ilhision, depen- 
dent on the absoi-ption of the light by their surfaces at 
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certain angles with the eye of the beholder. Tlie 
fibrous portion is here almost displaced by the 
gi'eat development of the meduUavy cells. 

In tlie larger liaira of the Mole, which we 
will now look at, the bark is very thin ; and 
though the Biu-face is marked witli sipiions 
lines, these do not project into teeth. Tlie 
pith here again forms the gi-eater portion of 
the hair, the cells of wliich it is composed 
being placed in single seiies, which, for the 
most part, extend all across the body of the | 
hair, tliough they are somewhat irregular I 
both in size and shape. They are ]-atlier flat- 1 
tened, and appeal' perfectly black (tliat i'-, 
opaque) by transmitted light, their sm'factE 
absorbing all the rays of light. The small niiB of p-^t. 
hairs of the same animal, howe\ ei areieij dffeient n 
form : tliey are flattened, so as to ^pj. eii tw ce ns 1 lo id 
in one aspect as in another itJi, tJ 
right angles to it ; and, whit is W 
cnrions, the scales of the baik \ 
project into strongly-marked 
brications on one side, and aioB 
scarcely perceptible on 
other. Here, as in the laigei - 
haii-s, there is a single row of 1 
oval transverse cells, perfectly | 
opaque, 

The hair of many of the a 
smaller Mammalia shows con- ™ 
siderable diversity of form, ac- 
cording to the part which we select for observation. 
Thus, if we take a long hair out of this Sable tippet, 
1* 
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10 EVENINGS AT THE MICKOSCOPE. 

and examine it near the basG) we see that it is very 
slender, transparent, and colourless, covered with 
strongly-marked imbrications, which ai^e not obtnso 
teeth, bnfc long, pointed, overlapping scales, about ten 
of which complete a wliorl. The iibrons portion is 
moderately thick ; inclosing a wide pith of roundish 
cells, set in two rows, that allow the rays of light to 
be ta^ansmitted throngh their centi-al parts. 

As we trace the hair upwards, by moving the stage 
of the microscope, by and by it swells and rapidly in- 
crejipus in thickness; the imbrications are scai'cely per- 
ceptible ; while the pith- 
cells have greatly augment- 
ed innumherandin breadth. 
These ai-e arranged in con- 
fused, close-set, transverse 
rows, and ai-e nearly opaque. 
Still tracing up tlie same 
hair, as we approach the 
tip, the bark and fibrous 
part become very thin; the 
cells are fewer and fewer 
till they cease altogether, 
and a long slender point, 
of a clear yellow tinge, 
avy lines of imbri- 




withont cells, presenti 
cation scarcely projecting. 

The hair of the common Mouse is a pretty and in- 
teresting object. In the larger specimens the fibrous 
portion is reduced almost to nothing. The imbrications 
project very little, but careful observation reveals slant- 
ing lines proceeding from the " teeth ; " which show 
tliat the whole surface is' clothed with long pointed 
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scales, which are exeesaively tl 
pith consists of largo flat ene 1 eel 
one row passes up througl the ce 
tre, aiid other similai' ones i e et 
a circle around it, so tliat a lo 
dinal section would show thiee 
allel rows. These cells a e t a 
cent, and some of them i e e e 
■wholly or partially lined i tl a elea 
yellow pigment. 

The smaller hai -s f o n tl e 
same little animal a e sci c Ij I 
distinguisliahle fron tl ose of * 
the Cat, already descrihed, ex- ° " ^ 
cept that the imbrications are proportionally 
1 larger. In all, the extremity is drawn out to 
I a lengthened flne point, and is occupied with ' 
\ clear yellow cells, except the veiy tip, which ' 
J is colourless, and imbricated with sinuous , 
i whorls, each consisting of a single scale. 

But it is in the Bats that the imbricated 
? character attains its greatest development. 
[ On this slide is a number of haire from the 
I fur of one of our English Bate, in which it is 
I fai' more conspicuous than in any example we i 
I have yet seen. In the middle portion of each , 
I hair the scales lie close, embracing their sue- 
J ceseors to tlie very edges, or nearly ; but the 
\ lower part, which is more slender, resemble 
r a multitude of trumpet-shaped flowera formed''*'^^°^ 
j^'sinto a chain, each being inserted into tlie 
^throat of another. The lip of the "flower" is 
i oblique, and here and there we can perceive 
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that each is formetl of two half-encircling scales ; for 
one scale occasionally spnngs from the level of its fel- 
low, 80 aa to make the imbi-ication alternate. 

Even this, however, is far excelled hy a species of 
Bat from India, of whose hair I liave now specimens on 
the stage. The trumpet-like cups are here very thin 
and transpai-ent, but very expansive ; the diameter of 
the lip being, in some parts of the hair, fully thrice as 
great as that of the stem itself. The margin of each cap 
appeal's to be undivided, bnt very irregularly notclied 
and cut. In tlie middle portion of the hair, the cii]is 
are far more crowded than in the hasal pari, moi'e brush- 
like, and less elegant ; and this structure is continued 
to the \eii e\tiemity, which is not drawn ont to so at- 
tenuated a point "IS the hair of the Monse, thongh it is 
ot a needle like sh iq>nesB. Tiie trumpet-shaped scales 
;, it seems, liable to be removed by 
, accident ; for in these dozen liaire there 
aie several, in which we see one or 
more cups rubbed off, and in one the 
u stem is destitute of tliem for a coiisid- 
enble space. The stem so denuded 
^ i closely resembles the basal part of a 
Mouse's hair in its normal condition. 
This character of being clothed with 
y Q\ erlapping scales, each growing out of 
-J ,0^ \ i its predecessor, is common, then, to tlie 
^L S^ I ■ hairs of the Mammalia, though it exists 
Tl ^F^ I ' "* *lil^^''™* degrees of development. It 
1 B OF D Ai B.T "^''■y ^^ readily detected by the unaided 
sense, even wlien the eye, though as- 
sisted by the microscope, fails to recognise it. Al- 
most every schoolboy is familiar with the mode 
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by which the tip of any hair may l^e distinguished 
from its base ; and even of the least fragment, 
the terminal end from the basal end. The initiated 
lad aesembles a few younger ones, and says, " Now 
you may make a mart with ink on one end of a 
white horse-hair, and I'll tell yon, by feeling it, which 
end you have marked." He does, infallibly. He rubs 
it to and fro between hie thumb and iinger, and the 
hair regularly travels through in the direction of its 
base : one or two rubs of course determine this, and the 
verdict is given oracularly. Now you see the cause of 
this property lies in the imbricate structure ; the scales 
may be excessively thin and close, but still they project 
sufficiently in any specimen to present a barrier to mo- 
tion in the terminal direction when pressed between two 
Bui'faces, such as the fingei^, while they very readily 
move in tlie opposite. 

But nioi"e tlian the siiceess of a schoolboy's magic 
depends on the imbricate surface of hairs. England's 
time-honoured manufacture, that which affords the high- 
est seat in her most august assembly, depends on it. 
The hat on your head, the coat on your bEick, the flan- 
nel waistcoat that shields your chest, the double hose 
that comfort your ankles, the carpet under your feet, 
and hundreds of other necessaries of life, are what they 
e mammalian, hairs ai'o covered witli sheath- 



mg scales. 

It is owing to this structure that those hairs which 
possess it in an appreciable degi'ee, are endowed with 
the property oi feltvng ; that is, of being especially 
under the combined action of heat, moisture, motion, 
and pressure, so interlaced and entangled as to become 
insepai-able, and of gradually forming a dense and cloth- 
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like texture. Tjie " tody," or aiitstanee of the best sort 
of men's hats, is made of lamb's wool and rabbit's fur, 
not interwovea, but simply beaten, pressed, and worked 
together, between damp cloths. The same property en- 
ables woven woollen tissues to become close and thick : 
every one knows that worsted stockings shrinli in their di- 
mensions, hut become much thicker and firmer after they 
have been woiii and washed a little ; and the " stout 
broad-cloth," which has been the chai-acteriatic covering 
of Englishmen for ages, would be but a poor open 
flimsy texture, but for the intimate union of the felted 
wool-iibres, which accrues from the various processes 
to which the fabric has been subjected. 

Li a commercial view, the excellence of wool is 
tested by the closeness of its imbrications. AVben first 
the wool-fibre was submitted to microscopical examina- 
tion, the experiment was made on a specimen of Meri- 
no ; it presented 3,400 serratures in an inch. Tlien a 
fibre of Saxon wool, finer than the former, and known 
to possess a superior felting power, was tiied : there 
were 2,720 serratui-es in an inch. Next a specimen of 
South-Down wool, acknowledged to be inferior to 
either of the former, was examined, and gave 3,080 ser- 
ratures. Fmally, the Leicester wool, whose felting 
property is feebler still, yielded only 1850 serratures 
per inch. And this connection of good felting quaUty 
with the number and sharpness of the sheathing scales 
is found to be invariable. 

The bail's of many Insecte are curious and interest- 
ing. Here you may see the head of the hive-bee, which 
is moderately clothed with hair ; each hair is slender 
and pointed, and is beset with a multitude of subordi- 
nate short hairs, which project from the main stem, and 
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stand out at sin angle : these are set on in a spiral order. 
Here again, is one of tlie hinder legs of the sajne bee : 
the yellow hair, which you can see with tlie naked eye, 
consists of strong, horny, citrved spines, each of which 
is scored obliquely, lilce a butcher's steel. These legs 
are used, as you are well aware, to brush off the pollen 
from the anthers of flowei-s, wherewith the substance 
called bee-bread, the food of the grabs, is made ; and 
ill tliis specimen, you may see hundreds of the beautiful 
oval pollen-grains entangled among these formidable 
looking spines. 

These rusty hairs ai'e from a large caterpillar (that 
of tlie Oak Egger Moth, I believe) ; tliey appear, when 
highly magnified, like stout horny rods driwn out to in 
aciite point, and sending forth alteinite 
short pointed spines, which scarcely proiect 
from iJie line of the axis. 

But there is scarcely any hair more c^ 
ons tlian that of a troublesome grab in mu | 
seums and cabinets, the lai-va of Derme^t s 
lardarius, which lives upon fnr-skins, and 
any dried animal substances. It iias a c} 1 
indrical shaft, which is covered witliwhoib 
of large close-set spines, four or five in each 
whorl, closely succeeding each other ; llic 
upper part of the shaft is surrounded by a 
whorl of larger and more knotted spines, and 
tlie extremity is furnished witli six or seven 
large filaments, which appear to have a"? o" "*"i "*' 
knob-like hinge in the middle, by wliich 
they are bent up on theraselves- 

The feathers of Birds are essentially hairs. That 
shrivelled membrane which we pull out of the interior 
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of a quill -wlioii we make a pen, is the mednllary portion, 
dried. There is a beautiful contrivance in the harba of 
most feathers, which I will ilhisti'ate hy this feather 
from tlie body-plumage of the domestic fowl. Every 
one mnst have observed the regular arrangement of the 
vano of a feather, and the exquisite manner in which 
the beards of which it is corn- 
ed are connected together. 
This ia specially observable in 
I tliQ wing-feathers, — a goose-quill, 
for example ; where the vane, 
though very light and thin, forms 
exceedingly iirm resisting 
' medium, the individual beards 
maintaining their union with 
great tenacity, and resuming it 
immediately, when they have 
been violently separated. 

INow this property ia of high 
importance in tlie economy of 
the bird. It is essential that 
UBK -with great lightness and buoy- 
ancy — ^for the bii'd is a flying 
e power to strike the air witli a broad 
The wide vanes of the quiil-featliers 
afford these two requisites, strength and lightness ; tlie 
latter depending on the material employed, which is 
very cellular, and the former on the mode in which the 
individual barbs, set edgewise to the direction of the 
stroke, talie a firm hold on each other. 

Now, in the body-feather which is under the micro- 
scope, we see that the central stem carries on each side 
a row of barbs, which interlock with each other. The 




creature — there 
; surface. 
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magnifying power shows na that these barbs arc not 
simple filaments, but are themselves doubly bearded in 
the same fashion ; and furthci', that these barbules of 
the second series are furnished witli a third series. It 
is in this tliird series of filaments that the tenacity in 
(Question resides. If we isolate one of the primary 
beards, by sti'ipping away a few on each side of it, and 
again put it on the stage, we see that t]ie secondary 
barbules of one side are armed differently from those of 
the othei" side. Those of tlie lower side carry short and 
simple barbulets, whereas those of the side which loots 
towards the point of the feather bear much longer ones ; 
and, moreover, many of them arc 
abruptly hooked backwards. Wow, 
whenever the primary beards are 
brought into contact, some of these 
hooka catch on the barbiile next ' 
above, and, slipping into the an- 
gles formed by the barbulets, liold 
there, and thus the two contiguous 
beai-ds are firnjly locked together. 
In the beard of tlie goosc-quill, 
the structure is essentially the ^ 
same, but the bai'bulots are far 
more numerous and inoi'C closely 
set ; tliey are also proportionally 
much lai'ger, — both those which 
are hooked and those which are simple. Indeed, the 
latter manifest a tendency to tlie hooked form, and by 
all these peculiarities the interlocking power is aug- 
mented. It is interesting to obseiwe tlie gi-eat dilatation 
of the beai"d in a direction towards the inferior suriaco 
of tlie feather, — towaitls tlie stroke, as I just now ob- 
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served. This is to increase the resisting power, as a 
thin board set edgewise will bear a great weight with- 
out bending or breaking, pi'ovided it can be kept from 
yielding laterally. The barbules are aiTanged only on 
tlie very edge— tiie upper edge— of tlie beard. 

We will now examine some specimens of scales of 
Pishes, all of which are very interesting and beautiful 
objects under low powers of the mici'oscope ; thoxigli 
higher powers are requisite to resolve their struetm'e. 
We will use both. 

The scales of almost all the Fishes witli which we 
are familiar, fall under two kinds, which have been 
named etenoid {or comb-like), and cycloid (or roundish). 
The Perch affords us good examples of the fonner kmd. 
On this sKde are three scales from the body of this fish : 
the one on the left side is taken from the back (fig. a) ; 
the middle one from the lateral line (S) ; and the one 
on the right from the belly (o). In order to understand 
these objects we must remember that tlie scales of fishes 
are homy or bony plates, developed in the substance 
of the proper skin, with a layer of which they are al- 
ways covered. In most cases (as, for example, the 
Perch), the hinder end of each scale projects, caiTying 
with it the thin layer of skin with which it is invested ; 
and thus the scales overlay one another, like the tUea of 
a house, or like the feathers of a bird, and that for a like 
pm-pose. For as the rain, falling on the house-top, has 
a tendency to flow downwards, from gravitation ; and 
a's the slope of the roof is in that direction, the current 
passing over each tile is deposited from its bottom edge 
on the middle of the next one, whence it still flows down 
to the free edge of this one, and bo in succession. So 
tlie motion of the bird through the air, and of the fish 
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tlii'oiigli tlio water, prodiicea the veiy earae effect as if 
theae fluids were in motion and tlie animals were still ; 
and tliereforo the todies of the latter are, as it were, 
tiled with feathei-s or scales, tlie free edges of whieh, 
looking in the opposite dh'eetion to the coming of the 
cun-ent (that is, tlie same direction as its flow), deposit 
the snccessive particles of the moving fluid m the midst 
of the successive feathers or scales. Tims two results 
ensue, hoth essential to the comfort of the animal : first, 
the air or water does not run upward hetween tlie 
feathers or scales to the skin ; and secondly, the surface 
1 no impediment to free motion. Tliis latter 
1 wiR be appreciated, if you take hold of a 
dead bird by the legs, and push it rapidly through the 
air tail-foremost : the feathei-s will instantly rise and 
ruffle up, presenting a powerful resistance to movement 
in that direction. 

Tlieae scales of the Perch have their hinder, or free 
edge, set with fine crystalline points, an-anged in sne- 
cessivo rows, and overlapping. Their front side is cut 




with a scolloped pattern, the extremities of nndulations 
of the sm'face that i-adiate from a common point belnnd 
the centre. These nndulations are separated by naiTow 
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fuiTows, across which, contrary to the ordinary rule, the 
close-set concentric lines that follow the sinuosities of 
the outline are not visible. Under the microscope they 
look as if they had been spUt in these radiating lines, 
after the whole number of layers had been completed, 
and the fissures had then been filled with new trans- 



parent s 

Tlie middle scale is, as I have said, from tlie lateral 
line. Along each side, in most fishes, may be observed 
a line, known as the lateral line, fonned by scales of 
peculiar form. They are commonly more bony than 
the other scales, and' are pierced by a tubular orifice for 
tlie escape (as is generally supposed, though this has 
been denied) of a mucous secretion, which is poured out 
from glands beneath, and tlius flows over the body for 
the double purpose of protecting the sliin from the mas- 
cerating influence of the surrounding water, and of di- 
minishing friction in swimming. 

Let us now look at some scales of the cycloid kind. 
The great majority of our fishes are clothed with such 
as are of this description. This dead Gold-fish shall 
give ns examples. Tl^e three scales in the upper row 
are from the lateral line, the left-hand one {a) taken just 
behind the head, the second (5) near the middle of the 
body, and the right-hand one (c) near the tail. Of the 
lower row, the first (d) is from the back, the second (e) 
from the middle of the belly, and the last (f) from the 
throat. TIius we see there ia considerable variety in 
form presented by the scales even of the same individ- 
ual fish. They all, however, differ from those of the 
Pei-ch, in this respect ;— that their free overlapping 
edges ai'e entire, or destitute of the crystalline points 
which wo saw in the former examples ; while they agree 
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in having the front edges, by which, they arc diu'ing life 
imhedded in the skin, cut into waves or sinuosities. 
The lower part, as "we now look at them, is the free por- 
tion of each, which alone is visible in the living iish, the 
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other parts being concealed by the three neighbouring 
scales that overlap it, — above, in front, and below. 

Id. those fi'om the lateral line, the tube already re- 
fen-ed to is seen to pervade each, running through it 
longitudinally, so that it opens posteriorly on the outer 
sui-face, and anteriorly on the inner or imder surface of 
the scale. In the scales near the front of the line, just 
behind the head, the tube is lai'ge and prominent (a), 
while iu the scales at the opposite extremity it becomes 
slender ; diminishing, in the very last scale, viz. at the 
commencement of the tail-fin, to a mere groove. 

The whole surface of each scale, when viewed under 
a lens of low power, is seen to be covered with concen- 
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trie lines, following tlie iiregular sinuosities of the out 
line. These lines ai-e the edges o£ the eueeessive layers 
of which the scale is believed to be composed, each 
layer being added in the process of gi'owth to the under 
snrfaee, and each being a little lai-ger every way than 
its predecessor ; thus the scale is a very depi-essed cone, 
of which the centre is the apex. There is a marked dif- 
fei-ence (indicated in the figures) between tliat part of 
the suri'ace -which is exposed, and tJiat which is covered 
by the other scales ; the concentiic marks in tlie formei' 
are mnch coarser and less regular, often being inter- 
rupted, and seeming to run into each other, and fre- 
quently swelling into oval scars. This may, perhaps, 
be owing to the surface having been partiaUy worn 
down by rubbing against the gravel of the bottom, or 
against other objects in the water. Besides the concen- 
tiic lines, tliere are seen on many of the scales, espe- 
cially those of the latei'al line, radiating lines vai-ying 
in number from one to twenty, or more, diverging from 
the centre towards the circumference, and frequently 
connected by cross lines forming a sort of net-work 
aronnd the centre (see c). Under the microscope, these 
lines appear to be elevated ridges, dividing the concen- 
tric lines ; but of their use I am ignorant. 

What I have just stated is the ordinary explanation 
of these fine concentric lines ; but a careful examination 
of the structure with much higher powers than we have 
been using, induces me to doubt its correctness. Ee- 
verting to the scales of the Perch, let us notice the clear 
diverging bands, which look as if the whole scale had 
been split in several places, and the openings thus made 
filled with uniform clear substance. Tlie same struc- 
ture is seen in many other scales, as in this cycloid one 



Hooted by Google 




HAIKS, FEAl-HEIES, AND SCALES. 23 

from tlie riouuder, wliieli, being coareely lined, eiiows 
tlio structure well ; or in these from the Green Wrasse. 
1 will now apply to one of these a power of 600 di- 
ameters, concentrating tlie 
light tiirown tliroogh the 
scale from tlie mirror by 
the acliromatic condenser, 
and examine the scale I 
anew. Yon now see two 
distinct layei-s ; tho upper 
one wliicli bears tlie con- 
centric lines, and a lower 
clear one which not only ^ i. 

fills tlie radiating bands, '' ' ' 

but underlies the whole of the hned puts The con 
centric lin^ of tlie upper layei do not now appeal to be 
edges of suceessiTe plates, but irregnlar canals running 
tliTOugktlie solid substance. This, however, is illusory: 
for, by delicate focussing, we perceive that each portion 
marked by these lines is reallyin adifferent plane from 
the othei-s, tliat tho highest ia at tho centre of radiation 
of the scale, and that eacli is successively lower till we 
reach the margin. But now, if witli veiy sharp scissors 
we cut one of these scales longitudinally through the 
centi'e, and examine the cut edge, we find that each of 
these lines forms a distinct ridge. On the otlier hand, 
the under layer of clear* substance is quite smooth, and 
always a little exceeds the mai'gin of the concentrically 
lined portion. The clear substance that fills t!io radiat- 
ing slits agrees botli in texture and level with this lower 
layer, and is manifestly continuous with it. 

Hence, I tliink that, in these slit scales, the upper 
layer is formed, as commonly believed, by fi 
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deposits from beneatli ; "but that, after a few have hccn 
deposited, they hegin to elit, probably by eonti'action 
in becoming solid ; that the lower layer is fonned after 
each xipper one is hardened, exceeding its length hy a 
little, and filling up the sht ; that this lowei" layer be- 
comes the upper layer of the next course, slittuig, and 
turning up its terminal edge as it hardens ; that then 
the lower layer is deposited on this, filling up the slit 
as before ; and that this process goes on as long as the 
fish lives. 

It is curious that, in the scales of the Pike, the por- 
tions thus sepai-ated by slitting, instead of expanding 
and leaving spaces to be filled up, actiially close over 
each other, the divided parts overlapping considerably, 
as you may see in these specimens. Tlie left hand scale 
(a) is from tlie back ; the central one (h), which has only 






a deep narioi^ mcision uistead of a tube, is from the 
lateral hnc , nnd the tlnnl ( ) is from the belly of the 
fish. 

Let us return now to the scales of our Gold-Fish, 
and examine a highly interesting structure connected 
with them. The brilliant golden or silvery reflection 
that constitutes the beauty of these lovely fishes, de- 
pends not on the scales themselves, but on a soft layer 
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of pigment spread over their inner surface, and seen 
throiigli their translucent substance. On carefully de- 
taching a scale, we see on the under side, opposite to 
that portion only which was exposed (all the concealed 
pai'ts being coloui'less), a layer of soft gleaming eub- 
staiicG, easily separable, either silvery or golden, ac- 
cording to the hue of the fish. If now we remove a 
small portion of this substance with a fine needle, and 
spread it on a plate of thin glass, we shall find, hy the 
aid of the microscope, that it consists of two distinct 
substances ; the one giving the colour, the other tlie 
metallic lustre. "VTith a power of 300 diameters, the 
former is seen to he a layer of loose membranous cells 
of an orange colour, in what are properly called the 
Gold-fishes, and ■whitish or pellucid in the Silver-fishes. 
If we now add a minute drop of water to the mass, and 
gently agitate it with the point of a needle, and again 
submit it to the microscope, we shall have a beautiful 
and interesting spectacle. The water aronnd the mass 
is seen to be full of an infinite number of flat spicula or 
crystals, varying much in size, bnt of 
very constant form, a flat oblong prism 
with angular ends (as represented in 
the accompanying engraving). By 
transmitted light tliey are so transpa- 
rent and filmy as to be only just dis- 
cernible; but by reflected light, and 
especially under the snn's rays, they 
flash like plates of polished steel. But epicutji on eotn- 
what appears most singular, is that 
each spiculum is perpetually vibrating and quivering 
with a motion apparently quite spontaneous, but prob- 
ably to bo referred to slight vibrations of the water in 
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which they iioat; and each independently of the rest, 
BO as to convey the impression to the observer that each 
13 animated with Kfe, though tlie acale be taken tram a 
fish some days dead. Owing to this irregular motion, 
and eonsequent change of position, eacli spiculum, ae it 
assumes or leaves the refleeting angle, is momentarily 
brightening or waning, flashing out or retiring into 
darkness, producing a magic effect on the admiring ob- 
server. To this property, I suppose, is to be attributed 
t!ie beautiful pearly play of light tliat marks these lovely 
fishes, as distinguished from the light reflected by an 
uniformly polished surface. I have found the pearly 
pigment of the scales to be provided with similar spie- 
ula in fishes widely differing in size, structure, and 
habits ; as the Gudgeon and Minnow, the Pike and the 
Marine Bream. The spicula of these fishes agree in 
general fonn with those of the Gold-fish ; and also in 
size, with the exception of trifling variations in the 
comparative length and breadth. The colouring mat- 
ter is lodged in lengthened cylindrical cells, aiTanged 
Bide by side, and running across the scale ; that is, in a 
direction at right angles to the lateral line. 
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The microscope is daily becoming a more and more 
important aid to legal invest! gation. An illnstration 
of this oecTirred not long ago, in which a murder was 
brought home to the criminal by means of this instru- 
ment. Much circumstantial evidence had been adduced 
against him, among which ■was the fact, that a knife in 
liis possession was smeared with blood, -which had dried 
both on the blade and on the handle. Tlie pi-isoner 
strove to turn aside the force of this circumstance by 
asserting that lie had cut some raw beef with the Irnife, 
and had omitted to wipe'it. 

The linife was submitted to an eminent professor of 
inicroBCOpy, who immediately discovered the following 
fitcts : — 1. The stain was certainly blood, 2. It was 
not the blood of a piece of dead flesh, but that of a 
living body ; for it had coagulated where it was found. 
3, It was not the blood of an ox, sheep, or hog. 4. It 
was human blood. Besides these facts, however, other 
important ones were revealed by the same mode of in- 
vestigation. 6. Among the blood were found some 
vegetable fibres. 6. These were proved to be cotton 
fibres, — agreeing with tl^ose of the murdered man's 
shirt and neek-kerchief. Y. Tliere were present also 
numerous tessellated epifhehal eeUs. In order to under- 
stand the meaning and the bearing of this last fact, I 
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must explain that the whole of tie internal surface of 
the body is lined with a delicate membrane (a continu- 
ation of the external ekin), which discharges mueus, 
and is hence termed mucous membrane. IN'ow this is 
composed of loose pells, which very easily separate, 
called epithelial cells ; they are in fact constantly in 
process of being detached (in which state they consti- 
tute the mueiis), and of being replaced from the tissues 
beneath. IJfow microscopial anatomiste have learned 
that these epithelial scales or cells, which are so minute 
as to be undiscemible by the unaided eye, differ in ap- 
pearance and aiTangement in different parts of the 
body. Thus, those which line the gullet and tlie lower 
part of the throat are tesselated, or resemble the stones 
of a pavement ; those that cover the root of the tongue 
are arranged in cylinders or tall cones, and are hnown 
as colAimnm- ; while those that line some of the viscera 
of the abdomen carry little waving hairs {dUa) at their 
tips, and are Itnown as ciliated epithelium. 

Tlie result of the investigation left no doubt remain- 
ing that with that knife the ikrooA oi a Ivoing human 
being, which tliroat had been protected by some cotton 
fabric, had been cnt. The accumulation of evidence 
was fatal to the prisoner, who without the microscopic 
testimony might have escaped. 

But what was there in tlie dried brown stain that 
determined it to be blood ? And, particularly, how 
was it proved not to be the blood of an ox, as the pris- 
oner averred ? To these points we will now give a 
moment's attention. 

With this iine needle I malic a minute prick through 
the skin of my hand. A drop of blood oozes out, with 
which I smear this slip of glass. Tlie slip is now on 
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the stage of the instniment, ■with a power of 600 diam- 
eters. You see ah inflnito number of small roundisli 
bodies, of a clear yellowish colour, floating in a colour- 
less fluid, hut so numerous, that it is only here and 
there, as near the edges of the smear, that you. can 
detect any interval in their continuity. 

These hodies are what we frec[uently call the blood- 
globules, or, more correctly, hlood-cHsks ,■ since tlieir 
form is not globular, but thin and flat, Hke a piece of 
money. The slightness of their colour is dependent on 
their extreme tenuity ; when a larger number lie over 
each other the aggregated colour is very manifest, as it 
then becomes either a full dark red, or bright rich scai-- 
let ; for to these disks blood is entirely indebted for its 
well-known hue. All vertebrate blood is composed 
principally of these bodies, which, when once seen, are 
easily recognised again : the microscope then readily 
detennines whether any given red fluid or dried stain 
is composed of blood. 

Tlie disks in the blood of Mammalia are circular, or 
nearly so, and slightly concave on both of the surfaces. 
On the other hand, in Birds, Fishes, and Keptilea their 
form is elliptical, and the surfaces are flat, or slightly 
convex. This distinction, then, will at once enable ua 
to determine Mammalian blood.* But to determine 
the various tribes of this gi-eat class among themselves, 
wc must have recoiirse to another criterion, — that of 
dimensions. 

The blood-disks of Man nearly agree in size with 
those of the Monkey tribe, of the Seals and Whales, of 

* The Camels among Mammoliii, and the Lampreys among Fishes, ai'e 
esceptions to tte above rule ; the former having elliptical and convei 
blood-disks, and the latter drcular, and slightlj eoncave. 
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tte Elephant, and of the Kangaroo. ' Most other quad- 
nipeds have them smaller than in Man; tlie smallest 
of all heing found in the ruminating animals. The 
little Musk-deer of Java has disks not more than one- 
fom'th as large as the human, but these are remai'liably 
minute ; no other known animal approaches it in this 
respect : those of the Ox are al>ont three-fourths, and 
those of the Sheep little more than half the human 
average. 

Tables have been made out showing the compara- 
tive size of these corpuscles in various animals, and 
such tables are very useful ; hut we must bear in mind 
that the average dimensions only are to he looked for ; 
since in any given quantity of blood, under examina- 
tion, wo shall not fail to see that some disks exceed, 
while others come short of, the dimensions of the ma- 
jority. 

Generally speaking, the blood-disks in Birds and in 
Piahea ai'e alDout equal in size : their form ia, however, 
tliat of a more elongated ellipse in Birds than in Fishes. 
They may be set down as averaging in breadth the 
. diameter of the human disks, while their length is 
about half as much again, or a little more, in most 
Birds. 

It is in Reptiles that we meet with the largest disks, 
and especially in those naked-stinned species, the Progs 
and Newts. A large species inhabiting the American 
lakes — Sirm, lacerima — has disks of the extraordinaiy 
size of l-400th of an inch long hy l-800th broad, or 
about eight times as large as those of Man. Our com- 
mon Newts afford us the largest examples among Brit- 
ish -animals, but they do not reach above half the size 
just mentioned. 
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Taking this drop of blood from my finger as a 
standard of comparison, we find, on applying tlie mi- 
eronieter, that the dielis run from l-2500th to l-5000th 
of an inch ; hut that the great majority are ahout 
l-3300th in diameter. On these slides are samples of 
other kinds. This is the blood of a Fish, — the common 
Blenny or Slianny {Blennnis plioUe). Here we see 
at once the oval form of the disks ; tlieir average ia 
l-2800th by l-3300th of aaiineh. Here is the hlood of a 
Frog {Rwna tempor<wia) ; these are more than twice 
the size of tlio fish's ; for they average l-1250th by 
l-1800th of an inch. And, finally, I can show yon a 
drop of blood from this Smooth-newt {Lissotriton punc- 
tatus). Tlie large size of the disks is now conspicuous, 
and so uideed is the elegance of their form : in this 
case, as in the last, we see in each disk a distinct round- 
ish nucleus. These run from 1-TOOth to l-950th in 
length, by 1-llOOth to l-1600th in breadtli ; but the 
average are about l-800th by l-1300tli of an inch. 




It may interest you to sec these blood-disks in their 
proper situation, and to observe the motion which 
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they possess during the life of their owners. It is, 
indeed, one of tlio most instructive modes of using tliia 
wondei--worting inBtitiment to look throBgh it at liv- 
ing structures, and watch the different processes of life 
as they are carried on under our eyen. 'Nor is this at 
all difScult to accomplish; for a large number of 
animals are so small that we can easily put them upon 
the stage of the microscope, and withal so transparent 
that their integuments and various tissues offer little 
or no impediment to our discerning the forms and 
movements of the contained viscera. And in cases 
where the entire animal is too large to he viewed mi- 
croscopically as a whole, it sometimes happens that, by 
a little contrivance, wo can so secure the creature as 
to look, without interruption, on certain parts of the 
body which afford the requisite minuteness and trans- 
parency. 

I have here a living Frog. You perceive that the 
web which connects the toes is exceedingly thin and 
translucent, yet arteries and veins meander through its 
delicate tissues, which are then clothed on both surfaces 
with the common skin. But you ask how we can in- 
duce the Frog to be so polite as to hold his paw up and 
keep it steady for our scientific investigation. We will 
manage that without difficulty. 

Most microscopes are furnished (among their acces- 
sory apparatus) with what is called a frog-plate, pro- 
vided for this veiy demonstration. Here is mine. It 
is a thin plate of brass, two inches and a half hrond and 
seven long, witli a number of small holes pierced 
through it along the margins, and a large orifice near 
one end, which is covered with a plate of glass. Tliia 
is to be Froggy's bed during the operation, for we 
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must malte liim as comfortable as eircumatancea will 
admit. 

"Well, then, we take this strip of linen, damp it, 
imd proceed to wrap np our Tmeonscions subject. 
When we have passed two or three folds ronnd him, we 
pass a tape round the whole, with just Buffieient tight- 
ness to keep hun from struggling. One hind-leg must 
project from the linen, and we now paea a needle of 
thread twice or thrice thi'ough the drapery and round 
tlie small of this free leg, so as to prevent liim from re- 
tracing it. 

Here then ho lies, swathed like a mammy, with one 
little cold foot protruded. Lay bim carefully on the 
brass plate, so that the webbed toes shall. stretch across 
the glass. ll^Tow, tlien, wc pass another tape through 
the marginal holes, and over the body, to bind it to the 
brass ; of course taking care not to cut the animal, but 
only naing just aa much force as is needful to prevent 
his wrigglings. Now a bit of thread round each toe, 
with wliicli we tie it to as many of the holes, so ss 
to expand the web across the glass. A drop of cold 
water now upon tlie swathes to keep him cool, and 
a touch of the same with a feather upon tlie toes 
to prevent them from drying (which must be re- 
peated at intervals during the examination), — and ho is 
ready. 

What a striking spectacle is now presented to ns, 
as with a power of 300 diameters we gaze on the web 
of the foot 1 There is an area of clear colonrless tissue 
filling the field, marked all over with delicate angular 
lines, something like scales ; this is the tessellated epi- 
thelium of the surface. Our attention is caught by a 
number of black spots, often taking fantastic forms, hut 
2* 
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generally somewhat star-like : these are pigment cells, on 
which tbe color of the animal's sliin is dependent. But 
the most prominent feature is the hlood. "Wide rirers, 
■with tortuous course, roll across the area, with many 
smaller sti'eamB meaudering among them ; some pursu- 
ing an independent course helow the larger, and others 
hranching out of them, or joining them at different 
angles. The larger rivers are of a deep orange-red hue, the 
smaller faintly tinged ■with reddish-yellow. In some of 
these channels the sti'eam rolls with a majestic evenness ; 
in others it shoots along with headlong impetuosity ; and 
in some it is almost, or even quite, stagnant. By look- 
ing with a steady gaze, ■we see that in all cases the 
stream is made up of a multitude of thin reddish disks, 
of exactly the same dimensions and appearance as those 
we saw jnst now in the Prog's hlood; only that here, 
being in motion, we see very distinctly, as they are 
rolled over each other, that they are disks, and not 
spherules ; for they forcihly remind us of counters, 
such as are used fcir play, supposing they were made 
out of pale red glass. 

It is charming to watch one of these streams, select- 
ing one of medium size, where the density is not too 
great to see the individual disks, and fixing our eye on 
file point where a branch issues from one side of the 
channel, mark the disks shoot hy one after another, 
some pursuing their main course, and others turning 
aside into the branch, perhaps so small as to allow of 
only a single disk to pass at once. 

The streams do not pursue the same uniform direc- 
tion. The larger ones do indeed ; and their course is 
from the extremity of the toes towards the body : these 
ai-e the veins ; but the smaller streamlets flow jn any 
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direction, and frequently send out side-branches, which 
presently return into the 6tream from which they is- 
sued, or -unite with others in a very irregular network. 
These are the capillaries, which feed the veins, and 
which are themselves _^ 

fed by the arteries, ^^^^ 

whose course is in the * ^ * * ,. Mr 
opposite direction, viz , v ^ ' _ 

from the body. These, ^ - ^^ 

however, are with difli- ^ ^ a ^ '-'" 

culty seen : they aie 
more deeply seated in 
tlie tissues, and aie le-s 
spread over the ^tebs, 
being generally phced 
along tlie borders of the 
toes ; they are, moie 
over, fewer and smallei 
than the veins ; but the 
blood in them usuillj 
flows with more impetuous rapidity. 

The variations in the impetus of the current which 
we observe in the same vessel are probably owing to 
the mental emotions of the animal ; alarm at its un- 
usual position, and at the confinement which it feels 
■when it endeavours to move, may suspend the action of 
the heart, and thus cause an intemiption in the flow ; 
or analogous emotions may quicken the pulse. Wo 
will, liovever, now release our little prisoner, who, 
though glad to be at liberty, is, as you see, none the 
worse for his temporary imprisonment. 

Let us now look at the circulation of the blood in 
one of the Invertebrate Animals. In this tliin glass cell 
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of sea-water is a small fragment of sea-iveed, and at- 
tached to one of its slender filaments you may see thi'ee 
or four tuiy knots of jelly, clustered together like a 
hnneli of grapes. Tlieee are animals ; each endowed 
witli a distinct life, hut associated together by a com- 
mon stalk, which maintains the mntual vital connexion 
of the whole. It is one of the Social Tnnicata, and is 
named Perophora Listeri. 

Though each globose knoh is no larger than a small 
pin's head, it is full of organs wliich carry on tlie 
various functions of life ; and, because the whole tis- 
sues are as transparent as crystal, they allow' ns to 
watch the processes with perfect ease. Take a peep at it. 
It is a gelatinous sac, of a form intermediate be- 
tween glohulai" and 
cubical, flattened on 
two opposite sides, 
with a 80it of wart 
at the summit and 
anothet at the side, 
each ot which is 
pierced w ith i purs- 
ed oiifice The np- 
pei of theae oiifices 
admits "v. itei lor re- 
spuation ind food; 
- the 1 ittei passes 
thiough 1 digtstive 
rEEopiioEi system, 'and is dis- 

charged through the 
side orifice. Tlie digestive organs lie on that flattened 
side, wliich is farthest from your eye, and are therefore 
dunly seen. 
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The globose body is inclosed in a coating of loose 
shapeless jelly, that passes off from one of the lower 
coraers, and foiins a short foot-stalk, which imites with 
Eimilai" foot-stalks fi'om the sister-globules, and all to- 
gether are attached to the sea-weed. Each foot-stalk 
lias an organic pore, into which a v^sel passes upon 
tlie body. 

Tour attention is first arrested by tho breathing sac, 
with its rows of oblong cells all in wheel-like motion. 
It is indeed a wonderful object; but for tho present 
neglect tliis, as we will return to it presently, and direct 
your consideration to the course of tlie blood. 

It is ti-ue the fluid which I s0 name is not red, like 
that of the Frog which you have just been gazing at, 
nor does it carry disks of tie same elegantly regular 
fonn. But you have the advantage hero of tracing, at 
one view, the whole course of the circulation, from its 
first rnsh out of the heart to its return into that organ 
again. 

At the bottom of the interior, below the breathing 
sac, thei'e is an oblong cavity, through whose ceiiti-e 
there runs a long ti-ansparent vessel, formed of a deli- 
cate membrane, the appearance of which resembles that 
of a long bag, pointed (but not closed) at either end, 
and then twisted in some unintelligible maimer so as to 
make three turns. This is the heart ; and within it 
are seen many minute colourless globules, floating 
freely in a subtile fluid: this is the nutrient juice of 
the body, which we may, withotit much violence, d^- 
ignate the blood. Now see the circulation of this 
fluid. The membranous bag gives a spasmodic eon- 
traction at one end, and dnves forward the globules 
contained there ; the contraction in an instant passes on- 
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ward along the three twists of the heart (the part be- 
hind expanding immediately as the action passes on), 
and the globules are forcibly expelled through the naa- 
row but open extremities. Meanwhile, globules from 
aronnd the other end have rushed in as soon as that 
part resumed its usual width, which in turn ai-e driven 
forward by a periodic repetition of the systole and 



Tlie globules, thus periodically driven forth from the 
hearty now let us watch and see what becomes of tliem. 
They do not appear to pass into any defined system of 
vessels that we may call arteries, but to find their way 
thi"ough the interstices of the vaiious organs in the gen- 
eral cavity of the body. 

The gi'eater numbei' of globides pass immediately 
from the heai't through a vessel into the short foot- 
stalk, where they accumulate in a large i-eservoir ; but 
the rest pass up along the side of the body, which 
(in the aspect in which we are looting at it) is the 
right. As they proceed (by jerks, of course, impelled 
by the contractions of the heart), some find their 
way into the space between the breathing surfaces, 
through narrow shts along the edges of the sac, and 
wind along between the oval ciliary wheels, which 
we will presently consider. Besides these, however, 
other globules wind along between the outer sur- 
faces of the sac and the inner surface of the body- 
walls. 

But to return to the current which passes up the 
right side : arriving at the upper angle of the body, the 
stream turns off to the left abruptly, principally passing 
along a fold or groove in the exterior of the breathing- 
sac until it reaches the left side, down which it passes, 
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and along tlie l^ottom, until it anives at the entrance 
of the heart, and rushes in to fill the vacuum produced, 
by the expansion of its ■walla after the periodic con- 
traction. This is the jierfeet circle ; but the minor 
streams, that had forked off sideways in the course, as 
those within the sac for example, find their way to the 
entrance of the heart by shorter and more irregular 
courses. 

One or two things connected with this circulatory 
system are worthy of special notice. The first is, that 
its direction is not constant hut reversihlc. After we 
have watched this course followed with regulai'ity for 
perhaps a hundred pulsations or so, all of a sudden the 
heart ceases to beat, and all the globules rest in their 
circling course, that we had supposed incessant. Strange 
to behold, after a pause of two or three seconds, the 
pulsation hegins again, hut at the opposite end of the 
heart, and proceeds with perfect regularity, just as he- 
fore, hut in the opposite direction. The globules, of 
course, obey the new impulse, enter at their foi-mor 
exit, and pass out at their former entrance, and per- 
form their circulation in every respect the same as he- 
fore, but in the reverse direction. 

Those glohules that pass through the vessel into the 
foot-etalt appear to accumulate there as in a reservoir, 
until the course is changed, when they crowd into the 
heart again and perform their grand tour. Yet there 
is a measure of circulation here ; for even in the con- 
necting vessel one stream ascends from the reservoir 
into the hody as the other (and principal one) descends 
into it from the heart ; and so, nnee versd. 

I have spoken of these motions as being performed 
with regnlanty ; hut, if you look closely, you will see 
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tliat tliis must "be understood with some qimlifieation. 
The pulsations are not quite uniform, heing eometimes 
more languid, sometimes more vigorous ; perhaps forty 
beats in a minute may be the average ; but I have 
counted sixty, and presently after thirty; I have 
counted twenty beats in one-half minute, and only fif- 
teen in the next. The period during which one course 
continues is equally uncertain ; but about two minutes 
may be the usual time. Sometimes the pulsation in- 
termits for a second or so, and then goes on in the same 
direction ; and sometimes there is a curious variation 
in the heart's action — a faint and then a strong beat, a 
faint and a strong one, and so alternately for some 
time. 

The phenomena of respiration are so closely con- 
nected with those of circulation that it is not at all m,dl- 
apropos to turn from the latter to the foimer ; not to 
say that it would be high treason against scientific cu- 
riosity if I were to remove this object without explain- 
ing to you that marvellous play of wheels that occupies 
tlie iai'gest part of the area that yoa behold. As yon 
loot on the globe, you observe, hanging down from the 
upper extremity, and reaching nearly to the bottom in 
one direction and almost from side to side in another, 
a transparent square veil, which is indeed a flat mem- 
branous bag, having its sides pretty close together-, with 
small openings along its edges, and an orifice at the 
bottom leading into the stomach. 

The mouth of this sac is in close connection with 
the upper or principal orifice, and therefore receives the 
water, whieli is constantly flowing in, while that aper- 
ture is expanded. This fluid then bathes the whole in- 
terior of the sac, hut a portion of it escapes by the 
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lateral openings into the cavity of the body, Tjetween 
the sac and t]ie mantle, and is discliarged thi'ough the 
seeoiidary, or side orifice. 

The inner enrfaeo of this transparent sac is studded 
with rjnga of a long oval figure, eet side by side in four 
rows. These rings appear to consist of a slight eleva- 
tion of the general membranous surface so as to malie 
little shallow cells, the whole edges of which are fringed 
with cilia, whose movements mate waves, that follow 
each other round 'the course in regular succession. In 
truth it is a beautiful sight to see forty or more of these 
oblong rings, all set round their interior with what look 
like the cogs on a watch-wheel, dai-k and distinct, run- 
ning round and round with an even, moderately rapid, 
ceaseless motion. These black running figures, so like 
cogs and so well defined as they are, are merely an op- 
tical delusion ; they do not represent the cilia, but 
merely the waves which the cilia make ; the cilia them- 
selves are extremely slender close-set hairs, as may be 
seen at the ends of the ovals, where a slight alteration 
of position prevents the waves from taking the tooth- 
like appearance. Sometimes one here and there of the 
ovals cease to play, while the rest continue ; and, now 
and then, the whole are suddenly arrested simultane- 
ously as if by magic, and presently all start together 
again, which has a most charming effect. A. still more 
singular circumstance is, that wliile in general the cili- 
ary wave runs in the same direction in the difi'ercnt 
ovals, there will be one here and there in which the 
course is reversed ; and I think that the animal has the 
power of choosing the direction of the waves, of setting 
them going and of stopping them, individually as well 
as collectively. 
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The object of these ciliary wheels is to keep np a 
constant current in the water. This fluid, as I have 
said, enters from without, through the upper orifice of 
the body, and is hurled over the whole siirface of the 
breathing-sac by means of the ciliary waves, parting 
with its oxygen, as it goes, to the blood, wliich etrcams, 
as we saw, evcrywliere between the rows of wheels. 
But the water has another function : it carries particles 
of organic matter with it, which, are suitable for the 
nourishment of the creature ; these atoms are carried 
by the currents with the effete water to the bottom of 
the sac, and are poured into the stomach, where they 
are digested ; the innutritive remains, together with 
the waste water, being discharged through the lateral 
orifice. 

Thus we see how closely connected are the three 
cardinal processes of circulation, respiration, and di- 
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One of the most interesting aspects of microscopic 
study is that in which it reveals the intimate etructuro 
of objects, which to the unassisted eye appear simple 
or nearly so, but which prove, hy the aid of magnifying 
power, to bo complex. Thus we arc often introduced to 
very curious contirwances (if I may use such a word in 
reference to the works of God), by which difficulties are 
overcome, and substances, which would seem, at first, 
wholly unfit for certain duties, are in the most admira- 
ble manner adapted to fulfil them. 

The combination of strength and lightness is always 
a difiicult problem in human art ; its snccessful solution 
always excites our admiration. In the Divine mechan- 
ics, too, it is very often rec[uired, and the variety of 
modes in which it is accomplished are, in the highest 
degree, novel and suggestive. We lately saw one of 
these in the structure of a feather, in tho contrivance 
by which, extreme lightnesB of material wau made, by 
a most remarkable arrangement, to offer a firm resis- 
tance to opposing force. I have now another example 
to show you, in which a material, in itself heavy, is by 
its arrangement made very light, while it preserves its 
aggregate strength. 

You have seen many times, when walking along the 
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yellow sands kissed, by the rippling ivavea, the shell, or 
bone as it is sometimes called, of the Cuttle-iiah. You 
know that it consists of a shallow boat-shaped shell, 
the hollow of which is filled with a white snbstanee, 
which can be scraped away even with the iinger-nail, 
and which is sometimeB use as poimce, to rub on paper 
fi-om ivhieh writing has been erased. It is this sub- 
stance of which I mean now to apeak. 

The possessor of this sti'nctnre is a member of tlie 
immeroua class Molluhca, which are generally charac- 
terised by being inclosed in shells. Now shell, as we 
all know, is a solid, stony substance, much heavier than 
water ; take into your hand that large Oassis on the 
mantel-piece, and observe its great weight and com- 
pactness. It is, in fact, real limestone ; differing from 
that of tlie rocks only in this, that it has been depos- 
ited by the living organic cells of an animal, and ar- 
ranged in a delinite form. We will presently examine 
other examples. The " cuttle-bone " is a shell, not in- 
deed inclosing the animal, but inclosed by it ; being 
contained within a cavity in the substance of the fleshy 
mantle ; cut open the mantle, and the shell instantly 
drops out. 

The Cuttle is a rapid swimmer through the open 
sea. A shell so large as this, if solid and compact like 
that of the Oassis, would condemn it to grovel on the 
bottom, and frustrate aU the instincts of its nature. On 
the other hand, it needs the strength and support of a 
solid column. "Wonderful to teU, the calcareous shell 
is made not only to be no hindrance to its swimming, 
hut to continbute gi'eatly to its buoyancy : it is what 
the string of corks is to the bather who cannot swim — 
it is a float. Thi-ow this entire cuttle-shell into water ; 



Hooted by Google 




MOT.LTTSCA. 45 

it floats on tlie surface as "bnoyantly as if it were aotn- 
a!ly carved out of cork. 

I cut "vvitli a keeii knife a little cube out of the 
"pounce," and, fixing it on the end of the revolving 
stage-needle, apply a low power, say TO diameters, n^ing 
reflected light. Wi. an. 1 1 ■* it tl j i 1 

tilar section; is it 
a beautiful object? i on | 
might fancy yoni dt [ 
looking at one of tl e | 
noble icebergs that 1 1 
jesticaliy navigate tl e ^ 
polar seas, when it is | 
rendered porona and | 
laminated, by the lains B 
of spring. "Voit Sd 
number of thin horizon- 
tal tiere or stages, perfectly parallel and eqni-distant, 
about one-foi-tietli of an inch apart, rising above each 
other like the floors of an edifice. TJieso are connected 
together by an infinite multitnde of thin pillare of crys- 
tal, or rather leaves, some of "wbicb show their edges 
towards ns, otlieiB their broader sides, and othei-s are 
broken off at various distances, the fragments standing 
np from the floor, or depending from the roof, like 
stalactites and stalagmites in a cavern. 

Tliis whole series of crystal floors and supporting 
plat^ is formed of ealcai-eous matter, — limestone, in 
short ; but though the latter are set in snch close array 
that the eye cannot penetrate to any appreciable dis- 
tance between them, their extreme thinness renders the 
whole sti'ucture ve^ lig'^'^i the interstices being oc- 
cupied by air. 
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But now if I give the atage-needle half a revolution, 
we fihall have the horizontal section presented to the 
eye. In this aspect we acquire much more information 
a3 to the structure. The cut has heen made very 
close to one of the horizontal floors, which we see 
marked all over with a great number of lines, each of 
which runs hither and thither, in a veiy sinuous pat^ 
tern. Tlie linea are made up of a brilliant spark- 
ling substance ; they are in fact the basal portions of 
what we saw in the other section as thin perpendic- 
ular plates ; I have cut off the plates close to the 
bottom, and what we see is their insertion into the 
floor. 

Thus we perceive that what we took for a multi- 
tude of plates, were but the varions doublings and in- 
foldings of a single plate of great length, running quite 
across the floor ; an arrangement by which tlie strength 
of the material is greatly augmented. Yoii have often 
seen the mode in which light walls are made of cor- 
rugated iron, especially at railway stations, and are 
doubtless aware that the corrugation, or bending in 
and out, imparte a strength to it which the mere sheet- 
iron, if set up aa a smooth, plane surface, would in no 
wise possess. The principle is exactly the same in the 
two cases ; but the con-ugation of the limestone plates 
in the cuttle-shell is far more perfect than that of 
the iron ; added to which there is the other advantage, 
that tlie aggregate mass of material is made highly 
buoyant by the large bulk of empty space that in- 
teiTenes between the sinnons folds of the crystal 
plates. 

It may be interesting to compare with this the 
structure of the more solid shells of bivalves, which 
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have been so elaborately studied by Dr. Cai'penter. In 
genera], these eonsiet of two very distinct layers, well 
seen in the valve of tbe Pearl Oyster, and its allies. 
The Pinna, or "Wing-sbell, tbe largest of our native 
bivalves, affords ne a good example, especially of the 
external layer, since bere tbis layer projects beyond the 
inner one, in thin transparent edges, which give us 
an opportunity of examining their structure, without 
any artificial preparation. This fragment, talsen from 
the edge of one of those leafy expansions, we will 
examine with a low magnifying power. Each of iis 
surfaces has a sort of faceted, or honeycombed ap- 
pearance, and the broken edges, which even to the 
naked eye appear fibrous, are seen to resemble a num- 
ber of basaltic columns. " The shell is thus seen to 
be composed of a vast number of prisms, having a toler- 
ably uniform size, and usually presenting an ap- 
proach to the hexagonal shape. These are arranged 
perpendicularly, or nearly so, to the surface of the 
lamina of the shell ; so that its thickness is formed by 
their length, and its two surfaces by tfieir extremi- 
ties." * 

The inner layer of such shells is remarkable for pos- 
sessing in different degrees the property of reflecting 
rainbow-like colours, often with great delicacy and 
Eplendoui' ; and this is termed nacre, or familiarly 
" motlier-of-pearl." Tliis iridescent lustre depends, as 
Sir David Brewster has shown,f upon a multitude of 
grooves, or fine lines, -which run in a very waved pat- 
tern, but nearly parallel to each other, across the sur- 
face of the nacre. " As these lines are not obliterated 

* Cotpenter. The Microscope, p. 690. \ Phil. Trana 1814. 
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by any amount of polishing, it ia obvions that their 
presence depends upon sometliing peculiar in the tex- 
ture of tills substance, and not upon any mere super- 
ficial aiTangement. When a piece of naere is carefully 
examined, it becomes evident that the lines are pro- 
duced by the cropping out of laniinas of shell, situated 
more or less obliq^uely to the plane of the surface. Tlie 
greater the dip of these laminse, the closer will their 




edges bo ; wliilst the less tlie angle wliicli they make 
with the surface, the wider mil be tlie interval between 
the lines. When the section passes for any distance in 
the plane of a lamina, no lines will present themselves 
on that space. Aaid thus the appearance of a section 
of nacre is such as to have been aptly compared by Sir 
J". Hersehel to the surface of a smoothed deal board, in 
which the woody layers are cut perpendicularly to their 
surface in one pai't, and nearly in tlicir plane in an- 
other. Sir D, Brewster appears to siipposo that iiacre 
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consists of a multitude of layers of earlDonate of lime, 
alternating with animal memljrane, and that the pres- 
ence of the grooved lines on the most highly polished 
surface, is due to the weaiing away of the edges of the 
animal laminie, whilst those of the hard calcareous 

laminse stand out There is one shell, however, 

the well-known JSaUoUa splendens, which affords us the 
opportunity of examining the plaits without any dis- 
turhance of the arrangement, and thtie pi'csents a clear 
demonstration of the real structure of nacre. This shell 
is for tlie most part made up of a series of plates of 
animal matter, resembling tortoise-shell in its aspect, 
alternating witli thin layers of nacre ; and if a piece of 
it be submitted to the action of dilute acid, the calcai'e- 
ous portion of the nacreous layers being dissolved away, 
the plates of animal matter fall apart, each one carry- 
ing with it the membranous residuum of the layer of 
nacre that was applied to its inner snrface. It will he 
found that the naere-memhrane covering some of these 
homy plates, will remain m an undisturbed condition ; 
and their surfaces then exhibit their u'ideseent lustre, 
altliough all the calcareous matter has been removed 
from their structure. On looking at the surface with 
reflected light under a magnifying power of seventy- 
five diameters, it is seen to present a series of folds or 
plaits, more or less regular ; and tlie iridescent hnea 
which these exliibit, are often of the most gorgeous de- 
scription. If the membrane be extendedj however, 
with a pair of needles, these plaits are unfolded, and it 
covers a much larger surface than before ; but its irides- 
cence is then completely destroyed. This experiment, 
then, demonstrates that the peculiai' lineation of the 
surface of nacre (on which its iridescence undoubtedly 
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depends, as oi-iginally shown by Sir D. Brewster) is 
due, not to the outcropping of alternate layers of mem- 
branons and calcareous matter, hut to the disposition 
of a single menihranous layer in folds or plaits, which 
lie more or less obliquely to the general surface." * 

Those beautiful objects, — so much prized for per- 
sonal adornment, — pearls, are concretions accidentally 
formed within the shells of such moUusks, and are 
wholly composed of the inner layer. Drs. Kelaai't 
and MobiuB have recently published some highly inter- 
esting observations on the causes both of the irides- 
cence and of the pearly lustre ; and these I will cite 
from the abeti'act translation of them made by Mr. 
Dallas. 

" The surface of pearls is not perfectly smooth, but 
covered witli rery fine microscopic elevations and de- 
pressions. These are more or less irregular in their al- 
titude, but approach most nearly to equality in pearls 
of the finest water. In pearls which exhibit a certain 
iijdescence, and which, when tui'ned in different direc- 
tions towards the eye, present even very faint blnieli, 
greenish, and reddish tints, the surface is foiind to 
present delicate irregular curved furrows, which either 
mn tolerably parallel to each other, or form small ir- 
regular closed carves. This is due to the mode of 
gi-owth of the peai'l, in which thin layers of nacre, of 
small dimensions, have been laid over each other. 
There is no^conturuous layer over the pearl, but a num- 
ber of small portions which sometimes overlie the mar- 
gins of the subjacent layera, and sometunes leave them 
uncovered. Tliis structure is seen most distinctly in 
the pearl shell, where the conditions are rendered more 
* Cavpenter. Tbe Microscope, p. 594. 
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simple by the layers being deposited on aflat, or but 
slightly curred, surface. The distance of tlie fiiri'ows 
from each other is not always the same ; sometimes 
they may be recognised with the simple lens, whilst on 
other pai'ts they approach within 55's5th of an inch of 
each other. That the iridescence of nacre, or the na- 
creous eolom-, as distinguished from pearly lustre, is 
caused by the interference of the light reflected from 
these furrows and the intervening edges of the strata, 
is proved by the eircmnstance, ascertained by Brewster, 
that impressions of mother-of-pearl talsen in red or 
black sealing-wax exhibit the same phenomena of col- 
our distinctly. lu pearls, in consequence of their spher- 
ical form, the different masses of coloured light are so 
diffused that they imite to form white light ; and this 
talces place with the gi'eater perfection in proportion 
as the furrows are lost, and become converted into a 
siu-face of fine elevations and depressions. 

" For their lustre, pearls ai'e indebted to their being 
composed of fine layers, which allow light to pass 
through them, whilst the numerous layei's lying one 
under the otlier, disperse and reflect the light in such a 
manner that it retm-ns and mixes with that which is 
directly tlirown back from the outer surface. It la the 
eo-operation of light reflected from the sarface, with 
light dispersed and reflected in the interior, that gives 
rise to lustre ; for this reason the knots of window-glass 
exliibit pearly lustre, and the membranes of pearls de- 
prived of their lime are almost as lustrons as solid 
pearls, except that their whiteness is desti'oyed, ' The 
two masses of light entering the eye act upon it from 
different distances. Now, as it adapts itself to the 
body seen throngh the transparent layer, it cannot dis- 
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tinctly see the light reflected from the surface, and 
the conseioueness of this infinitely perceptible reflection 
produces the phenomena of lustre.'* The thinner 
and the more transparent the layers of which the pearl 
consists, the more beautiful is its lustre ; and in this 
respect the sea-pearls excel those of our river-mol- 
Insks." f 

"We, will pass now, by an easy transition, from tlie 
shells of the Mollusca to their tongues. "Who that looks 
at the weather-worn cone of the Limpet, as he adheres 
sluggishly to the rock between tide-levels, would sus- 
pect that he carries coiled up in his tliroat a tongiie 
twice as long as his shell ! And that this tongue is 
armed with thousands of crystal teeth, all arranged 
with the most consummate art in a pattern of perfect 
regularity ? It sounds almost like a fable to be told 
that the great Spotted Slug, wliich we sometimes find 
crawling in damp cellars, carries a tongue armed with 
26,800 teeth ! Yet there is no doubt of the fact. 

You sec on tliis slip of glass a very slender band 
about two inches in length. This is the tongue of the 
common Periwinkle. While in the living animal, its 
fore-part occupied tlie floor of the mouth, whence it 
passed down below the throat, and turning towards 
the right side, formed a close spire of many whorls, 
exactly like a coil of rope, which rested on the gullet. 
Here we have it extracted, uncoiled, cleansed, and 
affixed to a slip of glass for microscopical examination. 

Only a small portion of the ribbon is visible at a 

time with such a power as is necessary to display the 

structure, but by means of the stage-movement we can 

bring the whole m succession imder the eye, and dis- 

• Dove. Favbenlehre, 117. + Ann. & Mag. S. H. ; Feb. 1858. 
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cover that, with some modifications of fonn, the same 
essential plan of stiiicture, and even the same elements, 
exist throughout. Concentrating our attention on a 
single ti-ansverse series of the mimerous curved lines 
that at iirst sight bewilder the mind, we perceive hy 
delicate focussing, tliat the object before ua consists of a 
number of hooks projecting from the surface of the 
translucent i-ibbon, and arching downward. In this 
case a single row consists of seven such hooked plates 
or teeth ; one in the centre and three on each side. 
Each hooked plate has its arching tip cut into five 
toothlets, of which the central one is the largest ; and 
its base is united with the cai-tilaginous substance of tlie 
i-ibbon. Only the middle plate is symmetrical ; the 
lateral ones bend inwards towai'ds tlie central one, and 
are symmetrical only when considered in pairs, each as- 
sociated with its opposite. The plates ai'e perfectly 
transparent, but of a yellow homy colour ; they are 
very hard, and as they are not dissolved by acids, it has 
been supposed that their substance is siliceous (having 
the nature of flint) ; but they are more probably chi- 
tinous, or formed of the substance of which the hai'd 
parts of insects are composed. The tongue before us 
has 600 rows such as these, each, as we see, closely fol- 
lowing, and indeed overlapping, its predecessor ; so that 
■we can never loot at a single row without at the same 
time seeing others which it overlaps, or by which it is 
overlapped. 

The specimen which I will now show yoii is broader, 
but shorter. It is the tongue of Trochiis zisiphintis-, 
a large and handsome shell of regularly conical form, 
not uncommon on our rocky shores. It is perhaps 
a more interesting study than that of the Periwinkle. 
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There are here, jou observe, three constituent elements 
in tlie pattern. Eirst, a clelicate glassy central tootli, 
tapering to a fine point, and cut into minute saw-teeth 
along each edge. Tlien a series, of five on each side, of 
similar glassy pointed leaves, bending inward ; and 
outside these, on either hand, are a gi'eat ntimber of 
stout dark-coloured books, ai'ching forwai'd and inwai-d, 
each notched with saw-teeth, and diminishing in thick- 
ness as thej lecede fiom the centre 

Tlie mannei oi using this tl\borate oigan is no less 
cmiOTis than is iti stiuctuie During lifo it is only 
the hont portion — not moie than one thud — of the 



■i 

^4 



ribbon tint is m use , tins is spiead out on the floor 
of the moutli, mtb the teetli piojcctmg and hooking 
batk-wards The rcmamdei has ita edge=c rolled over 
towai'ds each other, forming a tube closed at its extrem- 
ity, which, as I have already observed, is coiled away 
(in the long-tongued kinds) among the viscera. 
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The mode in which the tongue is used may be read- 
ily seen by -watching tlie actions of a Periwinkle in a 
marine or a Pond-snail in a fresh-water aquarium. 
When the conferva has begun to form a thin green 
growth on the glass sides of the t-ank, the MuHusca are 
incessantly engaged in feeding on it, and rasping it 
away with this toothed ribbon. " The upper Hp with 
its mandible is raised ; the lower lip expands ; the 
tongue is protnided, and applied to the sui-face for an 
instant, and then withdrawn ; its teeth glitter like 
glass-paper, and in the Pond-snail it is so flesihle that 
frequently it wUl catch against projecting points, and 
be drawn out of shape slightly as it vibrates over the 
surface." * 

■ Perhaps every variety is accompanied by some vari- 
ation in food or manner of feeding. With the Troohus, 
the proboscis, a tube with thick, fleshy walls, is rapidly 
tm'ned inside out to a certain extent, until a surface is 
brought into contact with the glass, having a silky lus- 
tre : this is the tongue ; it is moved with a short sweep, 
and then tiibular proboscis infolds its walls again ; the 
tongue disapetiring, and every filament of conferva be- 
ing carried up into the interior from the little area 
which had been swept. Tbe next instant, the foot 
meanwhUe having made a small advance, the proboscis 
unfolds again, the tongue makes another sweep, and 
again the whole is withdrawn ; and this proceeds with 
gi-eat regularity. I can compare the action to nothing 
80 well as to the manner in which the tongue of an ox 
licks up the grass of the field, or to the action of a 
mower cutting down swathe after swathe as he marches 
along. The latter compari,son is more striking, for the 
* Woodward's " Mollnsoa," 161. 
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marks of progress wliieh each operator leaves behind 
him. Though the conferToid plants are swept off bj 
the tongue of tlie Mollusk, it is not done bo cleanly but 
that a mark is left where they grew ; and the peculiar 
form and stmcture of the tongue, which I have ahove 
noticed, leave a series of successive curves all along the 
course which the MoUnsk has followed, very like those 
which mark the individual swathes cut hy the mower 
in his course through the field. 

The Periwinkle's table-manners diifer slightly from 
those of his relations. "When he eats, he separates two 
little fleshy Hps, and the glistening glass-like tongue is 
seen, or rather the rounded extremity of a bend of it, 
rapidly running round like an endless band in some 
piece of machinery ; only that the tootli-pointSj as they 
run by, remind one rather of a watch-wheel. For an 
instant this appeal's, then the lips close again, and pres- 
ently reopen, and the tongue again performs its rasp- 
ing. It is wonderful to see ; — perhaps not more won- 
derful than any otlier of God's great works, never more 
gi-eat than when minutely great ; but the action and 
the instruraentj the perfect way in which it works, and 
the effectiveness with which the vegetation is cleared 
away before it, all strike the mind with more than usual 
force, as exhibitions of creative skill. 

As the Periwinkle moves along, mowing his sea- 
grass as he goes, he can-ies before him two soft and 
flexible horns, marked with zebi-a-like hands of black 
and white, which he constantly waves about. Tliese 
are organs of some sense, probably of touch, and are 
therefore called tentacles {or tryers) ; but they bear on 
their outer sides, near the base, a pau' of other organs, 
which are more closely analogous to what wc ourselves 
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You see on eacli tentacle a little wart, which 
when yon look at it with a lens you perceive to have 
a ronnd black glossy extremity. This is the eye. By 
careful dissection under the microscope, we find it to 
contain a beantifiil transparent crystalline lens, with a 
thick and glutinous vitreous humonr adhering to it be- 
hind, bounded by a retina or curtain to receive the op- 
tic image, and an optic nerve. 

But much more attractive you will find the eyes in 
this little Scallop. It is a half-gi-own individual of 
what is provineially known as the Squin {Pectetb oper- 
culars), much prized for its delicate sapidity. Belong- 
ing to tlie bivalve class of the Mollusca, the animal is 
inclosed within two shallow shelly plates, concave in- 
teraally, and convex externally, which are united by a 
hinge, just as the works of a watch are protected by 
the case. "When the little creature is at its ease, as 
when the water is pure and clear, it hes on one side, 
its valves being separated as we see them now, a quai-- 
ter of an inch or so apart, allowing us to discern what 
is contained between them. 

Well, we see first a number of slender, white-pointed 
threads, peeping out from each valve and spreading on 
all sides, waving hither and thither, groping, now con- 
tracting, now expanding, with incessant but deliberate 
motion. These are tentacles. If we trace them to 
their origui, we find them attached to a fieshy sort of 
veil that lines each valve to near its edge, and then ab- 
nipUy falls at an angle towards the opposite valve, 
where it meets a corresponding veil. These two veils 
form the mantle. It is from each of these that the ten- 
tacles spring ; and we discover that there are four rows 
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of these organs, one row set along the angle, and one 
along the edge of each veil. 

But as we peei- among these slender threads, our at- 
tention is riveted by some tiny points that are seated 
near their bases, which glitter like brilliant gems. 
They are seen only in those rows of tentacles which 
spring from the angles of the veils, and not in those 
which fringe their edges. Even the unassisted sight can 
detect the gleam and glitter of these Httle specks ; but 
it is only when we bring the lens to heai- upon them 
that we see all their bea\ity. They then look like dia- 
monds or emeralds, each set in a broad ring of dark 
red substance, which greatly enhances their beauty. 
Tliey are inserted into the mantle in the hne of the ten- 
tacles, alternating with them, yet not with absolute 
i-egnlarity, for there are more tentacles than gem- 
points ; they are about half as numerous again as the 
i-adiating ridges of iJie shell. Some are much larger 
and more prominent than others, but they have all the 
same sti-uctnre and appeai'ance. 

These little organs are eyes. As its movements are 
fai- more extensive, and more iitfnl and rapid than is 
common in this class of animals, the little Pectan prob- 
ably needs these brilliant organs of vision to guide its 
waywai'd rovings, as well as to guard it from hostile 
assaults. The animal is very sensitive, withdrawing its 
tentacles and mantle, and bringing the valves of its 
shell together, on any shock being given to the vessel 
in which it resides. It manifests, however, a wisely 
measured degree of caution, for it does not actually 
dose the valves, unless it be repeatedly disturbed, or 
unless the shock be violent, contenting itself witli nar- 
rowing the opening to the smallest space appreciable ; 
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yet even then the two rows of gem-like eyes are dis- 
tinctly visible, peeping out from the almost closed shell, 
the two appearing like one undalating row from the 
closeness of theii' proximity. 

If you are familiar with the pin-cushions which 
children often make with a naiTow rihbon round the 
edges of these very Scallop-sheila, you can hardly fail 
to be struck with the resemblance borne by the living 
animal to its homely but useful substitute ; and the 
beautiful eyes themselves might be readily mistaken 
for the two rows of diamond-headed pins, carefully and 
regularly stuck along the two edges of the pin-cushion 
ribbon, — the ribbon itself representing the satiny and 
painted mantle. A friend of mine, to whom I was 
once showing this object, compared it, not inaptly, to a 
lady's ring set with diamonds. 

Tou will not fail to remark, how the position of 
these beauteous organs is suited for their most extensive 
usefulness eonsietent with their safety. In the ordinary 
condition of the animal's expansion, and especially when 
it is about to make its sudden and vigorous leaps, th8 
gemmeous points ai'e so situated as just to project be- 
yond the margin of the sheU. So that when we view 
the creatnre pei'pendicularly as it lies, our eyes looking 
down on the convexity of the upper valve, the minute 
ey^ are seen, all round it« circumference, just, and but 
just, peeping from under its edge. It is clear that this 
arrangement secures to them the widest range of vision 
with the least possible exposure. As Divine contriv- 
ance lias been often most deservedly recognised in the 
projection of the bony ridge over the human eye, which 
we call the brow, we surely cannot fail to recognise, and 
admire it also in the position of these delicate organs, 
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either beneath the maa-gin of the sohd shell, or, if pro- 
jected, projected only in the emallest degi-ee, md en- 
dowed with the power of retreating heneath its ban-ier 
■witli the rapidity of thought on the least alarm. 

There can he no doubt that tliese points, numerous 
as they are, are true eyes, endowed with the faculty of 
vision in a well-developed degi'ee. For when their 
structure is carefully examined by the skilful anatomist, 
each is found to be covered with the proper sclerotic 
tunic whicli becomes a perfectly transparent cornea in 
front, and to possess a coloured his, — perforated with 
a -well-defined pupil, and connected with a layer of pig- 
ment which lines the sclerotic tunic, — a crystalline lens, 
and a vitreous humour for the due refraction of the 
rays of light, and a retina in their focns, formed by an 
expansion of the optic nerve, and fitted to receive the 
picture ; the sensation of which is then conveyed by an 
optic nei've from each eye to the common nerve-tnmlc, 
which runs along the border of the mantle. Thus there 
exists in each of these lustrous points every element 
needful for the due performance of vision, though, prob- 
ably, the impressions thus conveyed may be neither so 
powerful, nor so distinct as those which are conveyed 
by the eyes of vertebrate animals. They are, how- 
ever, we may be sure, amply sufficient for the wants of 
the pretty Scallop, and are fresh proofs of the Divine 
wisdom and benevolence. 

We have been accustomed, from ehildliood, to recog- 
nise as eyes the shining black extremities of the tipper 
pair of " horns " in the Garden Snail. And though 
some naturalists have doiibted, and even denied that the 
tentacle was anything more than a very delicate oi-gan 
of touch, yet it has been abundantly proved by dissec- 
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Hon, and is now inconh-overtilDly estaljlished, that its 
tip caiTies an eye even more completely developed than 
those of tlie Pecten, which we have just been looking 
at. The eye is situated, not indeed on the very sum- 
mit of the tentacle, but on one side of a movable bulb 
there placed. It is very minute, almost spherical, but 
slightly flattened in front. It is protected by a veiy 
thin transparent layer of the common skin and is sur- 
roanded at the side and behind, by a perfectly black 
membrane called tlie choroid, or pigment membrane. 
This black globule contains a transpai'ent and semi-fluid 
substance, with wliich it is completely filled ; towards 
ilie bottom it is of tliinner consistence, and appears to 
contain many brilliant pai'ticles when the eye is dis- 
sected under the microscope ; this may be considered 
as the vitreous humour. In tlie front part of the eye 
there is a ciystalline lens, a small, circular, flattish, or 
rather lentieulai- body, perfectly clear and translucent, 
but a little more solid than the vitreous humour. 

Now protection for these so delicate organs is pro- 
vided in a way quite different from, yet equally effec- 
tive with, that which we just now admired in the 
case of the Pecten. Tou know that if you touch, 
though ever so tenderly, the eye of tlie Snail, it is in- 
stantly drawn into the horn by a most curious process 
of inversion. The action is performed by means of a 
long muscular ribbon, which originates from the great 
muscle that retracts the head within the shell, and 
which is inserted into the extremity of the hollow 
tentacle. "When this ribbon contracts at the will of the 
animal, and still more forcibly, when it is aided by the 
contraction of the great heafl-muscle, the tip of the 
tentacle with its eye is drawn witliin the surrounding 
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parts, just like the iinger of a glove. When the ani- 
mal would again proti-ude its eye, the fibres -which sur- 
round the tentaele, like so many rings throughout its 
whole length, successively contract, and thus gradually 
squeeze oiit, as it were, tlie inverted uart, until it is 
turned back to its original position. 




But the ears of this homely " creeping thing " are, 
perhaps, even more curious than its eyes ; though fai- 
less elaborate in their structure. You will imagine 
now, that I refer to the other paii" of tentacles, as you 
are accustomed to associate the idea of eai-s with pro- 
jecting organs situated on the head, No, you must not 
look there for them. Here, in this young Garden Slug, 
which is so small as to be conveniently examined on 
tlie stage of the microscope, and so devoid of colom' that 
we can readily look through its tissues, — we shall easily 
find its «ai-s, though they are not quite so prominent as 
those of an ass. 

I subject the animal to a gentle pressure by means 
of the compressorium, just sufficient to flatten ils soft 
body a little, without injunng it. And now, with this 
low power, you may see that Siebold, a learned zoolo- 
gist and comparative anatomist, familiar with the curi- 
ous phenomena of life, truly calls " a wonderful spec- 
tacle." In the neck of tlie little anunal you discern, 
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deep-seated in tlie soft flesh, a pair of perfectly traiis- 
pai-ent globules, or bladders, without any opening, but 
filled with a clear fiuid, in which there are eoine minute 
bodies performing the most extraordinaiy evolutions. 
They constantly keep up a series of swinging or balanc- 
ing movements, sometimes rotating, sometimes forcibly 
driven in a certain direction, then in the opposite, yet 
no single one ever by any accident touching the walls 
of the capsule in which they are contained. If the cap- 
sule be mptured, the motions instantly cease. These 
little bodies are of a calcareous nature ; and they are 
called otoUthes, that is, ear-stones. Tlie most that we 
know of these curious capsules, which are indubitably 
ascertained to be organs of heaiiiig, we owe to the ob- 
servations of the eminent zoologist just named, and you 
may perhaps like to know a little more about them. 

Siebold says that a concentinc depression is evident 
in these otolithes, and that there may be seen in the 
centre of the greater number of them a shaded spot, 
or rather a minute aperture, which penetrates through 
the concretion from the one flattened surface to the 
other. Subjected to a strong pressm'e, the otolithes 
crack in radiating lines, separating often into four pyra- 
midal pieces. This separation also ensues, after a longer 
time, when the otolithes are immersed in diluted nitric 
acid ; and, if we touch them with the concentrated 
aeid, they suddenly dissolve with the disengagement of 
a gas, whence SiehoM concludes them to be composed 
of carbonate of lime. The size of the otolithes is not 
equal, and in the same capsule there are always some 
which are smaller than others. "Within the capsule 
they have, duiing life, a very remarkable, and in some 
respects peculiar, lively, oscillatory movement, being 
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driven aljout as particles of any light insoluble powder 
might he in hoiling water. The otolitheB in tlie centre 
have the appearance of heing pressed together so as to 
form a sort of soUd nnelens, and towards this centre 
the otolithes towards the circumference seem even to 
be violently urged, their centripetal rush being invari- 
ably repulsed, and as often driven again into a centri- 
fugal direction. Removed from the capsule, the mo- 
tions of the otolithes instantly cease. The cause of 
these curious oscillations remain nndiscovered. Siebold 
could detect no vibratile cilia on the surfaces of the 
capsule, and the cessation of the motion when the oto- 
litlies arc removed, proves them to ho unciliated them- 
selves, and, at the same time, distinguislies tlie motion 
from that of inorganic molecules. 

It has been more recently ascertained that the move- 
ments of the otolithes are due to very minute ciha with 
which the interior surface of the capsule is covered. 
This had been long suspected, and some eminent physi- 
ologists, as Wagner and Kolliker, have distinctly seen 
the cilia themselves. 

If you aat what can be the use of ears to a class of 
animals ■which are invariably dumb, I answer that 
though this is true with respect to the gi-eat majority, 
yet it may. be only tliat our senses are too dull to per- 
ceive the delicate sounds which they utter, and which 
may be sufficiently audible to then- more sensitive or- 
gans ; and besides, some MoUusca can certainly emit 
sounds audible to us. Two very elegant species of Sea- 
slug, viz. SoUs pmudata, and Tritonia arborescens,^ 
certainly produce audible sounds. Professor Grant, 

* Now called Detidronoins arhorescens. 
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who first observed the interesting fact in some speci- 
mens of the latter which he was keeping in an aqiia- 
niim, says of the sounds, that " they resemble very 
mnch tile clink of a steel wire on the side of the jar, 
one stroke only heing given at a time, and repeated 
at intervale of a minute or two ; when placed in a 
large basin of water the sonnd is much obscured, 
and ie like that of a watch, one stroke being re- 
peated, as before, at intervals. The sound is longest 
and oftenest repeated when the Tiitonife are lively and 
moving about, and is not heard when they are cold and 
without any motion ; in the dark I have not observed 
any light emitted at the time of the stroke ; no globule 
of air escapes to the surface of the water, nor is any 
ripple produced on the surface at the instant of the 
stroke ; the sound, when in a glass vessel, is mellow 
and distinct." The Professor has kept these Tritonise 
alive in his room for a month, and, dmlng the whole 
period of their confinement, they have continued to 
produce the sounds, with very little diminution of their 
original intensity. In a small apartment they are audi- 
ble at the distance of twelve feet. " The sounds obvi- 
ously proceed from the mouth of the animal ; and, at 
the instant of the stroke, we observe the lips suddenly 
separate, as if to allow the water to rush into a smalt 
vacuum formed within. As these animals are her- 
maphrodites, requiring mutual impregnation, the sounds 
may possibly be a means of eommimieation between 
them, or, if they be of an electric nature, they may be 
the means of defending from foreign enemies one of 
the" most delicate, defenceless, and beautifiil Gastej;©- 
pods that inhabit the deep," * 

* Edinb. Phil. Journ. xi\. 1S6. 
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CHAPTER IT. 

SEA-MATS AKD SHELLY 

"When we were at the sea-side last summer we bought, 
you may remember, of a poor widow whom we met on 
the beach, a little basket of dried sea- weeds. Fetch it : 
it is on the chimney-piece upstairs. 

Kow all of these objects ai-e not searwecds. I mean 
they are not all plants ; some of them are animals, and 
these I want to bring under your notice this evening for 
our microBCopical entertainment. Here are exquisite- 
ly delicate crimson leaves, as thin or tliinnei" tlian the 
thinnest tissue-paper, with solid ribs and sinuous edges. 
Here is a tall and elegant dai'k red featlier, quite regu- 
larly pinnated. Here is a tuft of purple filaments as 
" fine as silkworm's tliread." And here is a broad ir- 
regular expanse of the richest emerald-gi-een, cmmpled 
and folded, yet as glossy as if varnished, 

"Well, all of these are plants, certainly : they are 
veritable Al^m, or sea-weede. But here are other plant- 
like objects of a pale brown, drab, or snowy-white hue. 
Let us take this flattened brown leaf, divided into irreg- 
ular broad lobes ; it looks almost like a thickisli paper, 
and is about as flexible. But pass your finger over it, 
and you feel that its surface is evenly roughened ; and 
on close and careful scrutiny you discern, even by the 
naked eye, tliat its surface is covered with a delicate 
network of minute shallow cells. 



Hooted by Google 



SEA-MATS AND SHELLY OOEAI.LISES. 67 

" Eroad Horn wrack," and "Leafy Sea-mat," are tiie 
names ■which the old collectors gave to this object; and 
modem naturalists have given it the seientiiic appella- 
tion of Flustta foUacea, and aiTange it in the class 
Polysoa^ a gi'onp of animate beings, whicli have nmch 
of the form of Polypes, and much of the atinicture of 
Molliialta. 

"We cut off a little piece from tlie end of one of tlie 
lobes, and put this upon the stage of the microscope. 
"We now see that the cells are disposed in neai'Jy par- 
allel rows ; but so that those of one row alternate with 
tliose of the next, q.uinGxms! fashion, the middle of one 
cell being opposite the end of its right and left neigh- 
bonrs ; — or like tlie mesheB of a net, Tlie cells extend 
over the whole leaf, and are spread over both its sur- 
faces in this case ; the united depth of two cells consti- 
tuting tJie thickness of the leafdike etrnctnre. There 
are other species, more delicate, which have but a sin- 
gle series of cells, all opening on the same side of the 
leaf. 

Each individual cell is shaped like a cbiid's cradie ; 
and if you will imagine 20,000 wicker cradles stuck 
together side \>j side in one plane, after the (juincunx 
pattern I have just mentioned ; and tlien the whole 
broad an-ay turned over, and 20,000 more glued on to 
these, bottom to bottom, you will have an idea of the 
framework of this pale-brown leaf; — dimensions, of 
course, being out of the consideration. The number 
may appear 'somewhat immense, yet it is no larger than 
tlie ordinary average, as I will soon show you. I meas- 
ure off a square lialf-inch of tliis leaf, which I carefully 
cut out with scisBoi-s ; now with the micrometer count 
the cells in the square piece. — ^You lind 60 longitudinal 
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rows, each containing 28 cells, oi' tbGi'ea"boiit9. Veiy 
well ; a simple arithmetical process shows that there 
are 1,680 cells in this square half-inch; or 6,720 in a 
square inch. Now this very specimen, before I mutil- 
ated it, contained an area of about three square inches ; 
whicli would give 20,160 cells. Tliis is tlie ntimber on 
one surface ; tlie other contains an equal number ; and 
thus you see that I have not exaggerated the population 
of this tiny marine city. This, however, is by no means 
a specimen of unusual size. 

These cells, which I compare to cradles, are of shal- 
low depth, but the head-part rises to a much greater 
height t]ian the foot. All round this elevated portion 
tlie margin is armed with short blunt spines, two on 
each side, which stand obliquely erect, projecting out- 
wards over the middle of the next cell, which thus, in 
concert with the spines of the cell on the opposite side, 
they protect. 

If you search carefully over the aggregation of cells 
with this pocket-lens, you will perceive that on some of 
them are seated minute white globules, which look like 
tiny pearls. These are not placed in any regular ordei', 
two being sometimes found on contiguous cells, but 
generally they are scattered at more or less remote in- 
tervals. If we now apply the microscope to these ap- 
pendages, each globule is seen to be flat on that per- 
pendicular side which faces the foot of the cradle ; and 
this flat side is a movable door, with a hinge along its 
lower edge. The door is of a yellow hue ; tlie globule 
itself being, as I said, of a pearly white hue. 

This is all that we can see in this dried specimen ; 
but if we had been fortunate enough to have examined 
it when first it was torn from its attachment to an old 
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shell at tlie bottom of the sea, you would have seen 
much more. And what would then have appeared, I 
will descrihe to you. 

Suppose, then, that a coverlid of transparent skin 
were stretched over each cradle, fi'om a little within 
the margin all round, leaving a transverse opening just 
in the right place, viz. over the pillow, and yon would 
liave exactly what exists here. There is a crescent^ 
form slit in the membrane of the upper part of the cell, 
from which tlie semieirealar edge, or lip, can recede, 
if pushed from within. 

Suppose, yet again, that in every cradle there lies a 
baby, with its little knees bent np to its chin, in that 
zig-zag fashion that children, little and big, often like 
to lie in. But stay, here is a child moving ! Softly ! 
He slowly pushes open the semicircular slit in the cov- 
erlid, and we see liim gi-ad«ally protruding his head 
and sbouldei's in an erect position, straightening Iiis 
knees at the same time. He is raised half out of bed, 
when lo I his head falls opeu, and becomes a bell of 
tentacles I The baby is the tenant-polype I 

" This is a vcj'y amusing romance," you say. Nay, 
it is no romance at all. If you will excuse the homeli- 
ness of the comparisons, I will venture to affirm that a 
personal examination of the creature itself would justify 
their correctness, and you would acknowledge that tliey 
could scarcely be more apt. 

Moreover, the globular chambere show signs of life ; 
their front doors suddenly open, gape widely, and then 
shut with a snap ; and presently tliia opening and shut- 
ting is repeated. The meaning of this action yon will 
better nnderstand when we see analogous organs in an- 
other form of the same class of animals. Meanwhile, I 
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will just point out a. beautiful thoiigli minute proof of 
design in a point of the etructni-e of the cells connected 
witli these peai-ly ehambere. If you look closely, you 
will see that the Bpines of tlie margin ai-o not found on 
those cells tliat cany the pearls ; and moreover, that 
tliey are also -wanting on the approximate edges of tho 
two cells that lie behind every such pearl-hearing cell. 
Now tho reason of this omission is obvious. The spines 
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(A. portion msgniaed.) 

projecting obliq^iiely would interfere witli tho gaping of 
the door ; and heiice they are invariably absent there. 

I happen to have in my ac[uarium a living individ- 
ual of anotlier species belonging to the same class, and 
agreeing with tJiis in all essential particulars of sti'ue- 
tnre, though widely different in form. Tlie difference, 
however, is mainly dependent on a rather tininiportant 
point of arrangement ; for the cells, instead of being set 
side by side and end to end in quincunx fashion, to an 
indefinite extent, on two surfaces of a plane, are dis- 
posed on one single surface, and in longitudinal rows 
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of two 01' tJiree cells abreast ; thus naiTow ribbon-like 
branches ai'e formed, ■which uow and tlien divide into 
two, then these into two more, and so on. These 
tranches tlins become fan-shaped, which, by being 
slightly curved, become segments of funnels ; and the 
peculiar elegance of this coralline consists in the mode 
in which these branches are set on the stem, viz., in an 
ascending spiral curve, so that the effect is that of sev- 
eral imperfect funnels set one within another, but which 
yet you perceive, by turning the whole gradually round, 
to compose a single corkscrew band of successive fans. 
This whole structure stands upi-ight in its natural state, 
like a little compact shrub growing from a root ; and 
aa a good many are commonly associated together, they 
form a sort of mimic grove, fringing the sides of daii 
rocky sea-pools. 

The species is called the Corkscrew Coralline, or 
sometimes the Bird's-head Coralline, the latter name 
being assigned to it for a reason which you will pres- 
ently perceive. The appellation by wliieh it is known 
to naturalists is Bugula aviciilaria. 

We drop our specimen into a very narrow cell, com- 
posed of parallel walls of thin glass, a very minute flat- 
tened tank, in fact, snch as can be put on the stage of 
the microscope. Here, bathed in its native seawater, 
as clear as crystal, we shall see it opening and expand- 
ing its numerous polypides with the utmost activity and 
evident enjoyment. 

You gaze ; but you know not what you see. The 
presence of many lines representing transparent vessels 
of strange and dissimilar shapes, overlying eacli other ; 
and the swaying to and fro of curious objects, which 
sti'ike now and then forcibly across the field of view, 
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are quite bewildering. I imist act the showman, and 
tell you what to see. 

Tlie cells are oblong, Bhaped much lite a sack of 
corn, with a spine ascending from each of the npper 
corners. Each stands on the summit of its predecessor 
in the same row, and side by side with those of its fel- 
low-rows, in such an order that the top of one cell comes 
opposite the middle of the one beside it. The top of 
the sack is rounded, and appeai^s closed, but we shall 
presently find an opening there. The broad side that 
faces inwardly has a largo elliptical transparent space 
occupying nearly its whole surface ; this is covered 
witli a very thin and elastic membrane, and auswere a 
peculiar end. Just below one of the spines that crowns 
the summit of the cell on one of the edges, is situated a 
little lump, to which is attached, by a very free joint, 
an object which you will perceive to bear a remarkable 
resemblance to the head of a bird of prey. It has a 
Leak strongly hooked, with two well-formed mandibles, 
of which the lower is movable, shutting into tlie cavity 
of the upper ; you observe it deliberately opening, like 
that of a bird, only stretching to an enoi'inous width of 
gape, and then closing with a strong and sudden snap. 
Now and then the whole head sways backward and for- 
ward on its joints; and these movements, combined 
with the fitful and apparently spiteful snappings, per- 
formed by many birds' heads scattered about the 
branch, are highly curious and amusing. 

Tlie birds' heads, however, are not the living inhab- 
itants of the cells ; they ai-e not integral parts of them. 
The cells have their proper inhabitants, each dwelling 
in its own ; and each essentially formed on the same 
plan as the "baby with the tucked-up knees," that 
makes the Sea-mat for his cradle-house. 
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In order to get a good vi^ew of tlie tenant here, you 
must move the stage about till you find that the branch 
is presented to your eye eidewise. Directing your at- 
trition then to the lateral edge of a single inhabited 
cell, its suinmit is seen to protrude diagonally towai'ds 
the inner aide (*. e. towards tlie axis of the epire), a tir- 
bular month, which is membranous and contractile. 
When the animal wishes to emerge, this tubular orifice 
is pushed out by erolotiou of the integument, and the 
tentacles are exposed to view, closely pressed into a 
parallel bundle ; the evolution of the integument, that 18 
attached at their base, goes on till the whole is sti-aight- 
ened, when the tentacles diverge and assume the form 
of a funnel, or ratlier that of a wide-mouthed bell, the 
tips being slightly everted. They are furnished with a 
double row of short cilia in tlie usual order, one set 
working upward, the other downward. Their base sur- 
rounds a muscular thick ring, the entrance to a funnel- 
shaped sac, the substance of which is granular, and 
evidently muscular, for its contractions and expansions 
are very vigorous, and yet delicate. Into this fli'st 
stomach passes, with a sort of gulp, any animalcule 
whirled to the bottom of the funnel by the ciliary vor- 
tex, and from tlience it is delivered through a conti-act- 
ed, but still rather wide gullet, into an oblong stomach, 
the lower portion of which is obtuse. An extremely 
attenuated duct connects this, which is probably the 
true stomach, with a globular, rather small, intestine, 
which is again connected by a lengthened thread with 
the base of the cell. By an arrangement common to 
the ascidian type of tlie digestive function, the food ie 
returned from tiie intestine into the true stomach, 
whence the effete parts are discharged through a wide 
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and thick tube that issues from it close behind tlio point 
where tlie gullet enters. Tliia rectal tube passes up- 
wards parallel to tlie giiliet, and terminateB by an orifice 
outside and behind the base of the tentacles. All these 
viscera are beautifuily distinct and easily identified, 
owing to the perfect transparency of the walls of the 
cell, the simplicity of t-lie parts, and their density and 
dark yellow colour. All of them are manifestly gran- 
ular in texture, except the slender corrugated tube 
which connects the stomach with the globose intestine : 
this is tliin and membranous, and is doubtless, if I may 
indge from analogy, capable of wide expansion for the 
passage of the food-pellet, 

The sudden contraction of the polypide into ite cell 
npon disturbance or alarm, and its slow and gi'adual 
emergence again, afford excellent opportunities for 
studying tlie forms, proportions, and relative positions 
of the internal o]'gans. In contfaction, the globular 
intestine remains nearly where ifc was, but the stomach 
elides down into the cell behind it, as far as the flexible 
duct will allow, and the tliick gullet bows out in front, 
showing more clearly the separation between it and the 
rectum, and the iusertion of both into tlie stomach. Tliis 
retraction is, in part, effected by a pair of longitudinal 
muscular bands, which are inserted at the back of the 
bottom part of the cell, and into the skin of the neck 
below the tentacles. The conti'action of these bands 
draws in the integument, like the drawing of a stocking 
witiiin itself, and forces down tlie viscera into the cavity 
of the cell, which is probably filled with the vital juices. 

Besides the hind bands, there is one, or a pair of 
similar muscular bands attached on each side of the 
front part of the base of the cell, and inserted similarly 



Hooted by Google 



SEA-MATS AND SHELLY COEALLINES. 75 

into the neck. By watching the conti-action of these, 
you will be enabled to determine the use of tlje mem- 
brane- covered aperture up the front of the cell. At the 
moment of the retraction of the viscera into the cell, a 
large angular membrane is forced ontwai'd from the 
front side, which is protruded more or less in proportion 
to the degi'ee of witlidrawal of the polypide ; and as the 
latter emerges agaiti, the membrane falls back to ita 
place. It is evident, tlien, that this is a provision for 
enlarging the cavity ; the walls are horny, and probably 
almost inelastic ; but when the stomach forces the in- 
testine forward, and the tliick gullet is bent ontward by 
the withdrawal of the neck and tentacles, the needful 
room is provided by the bulging out of this elastic mem- 
brane, which recovers its place by the pressure of the 
surrounding water, when the pressure of tlie flnids 
■within is removed. 

Now, after watching these movements of the poly- 
pldes, and the various. structures whose forms and limits 
those movements reveal, it will become manifest to you 
that there is no visible organic connexion between the 
animal distinctively so called and the curious bird's 
head. This latter has a muscular system of its own, by 
means of which its energetic motions are perfomied ; 
bnt it appeai-s quite isolated on the outside of the cal- 
careous cell, and wholly cut off from the intei'ior by 
the knob on which it works, and by the thickness of the 
cell-wall. Both knob and wall appear quite imperfo- 
rate; and yet we cannot but presume that some con- 
nexion exists, perhaps through the medium of an ex- 
cessively delicate and subtile, but living tissue, which 
may be presumed not only to line, but also to cover the 
strong cell; just aa the sti-ong envelope and spines of 
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a Sea-ufcliin are covered with a thin film of living 
flesh. 

The functions and use of these singular processes 
are as obscure as their connexions with the animah 
Yet that they play some important part we may almost 
certainly infer, from the general prevalence of similar 
or analogous appendages among tlie various forms of 
this class. TJie globulai- peai-la which you lately saw 
on the sea-mat, is but another form of bird's head ; and 
the falUng-door answera to the opening and shutting 
mandible. The forme, indeed, of tliese organs are very 
diverse, and sometimes they ai-e greatly disguised. But 
what about their function ! More than one observer 
has noticed the seiznre of small roving animals by these 
pincer-like beaks ; and hence the conclusion is pretty 
general, that they are in some way connected with the 
procunng of food. Ent ifc seems to have been forgotten, 
not only that these organs liave no power of passing the 
prey thus seized to the mouth, but also that tliis latter 
is situated at the bottom of a funnel of ciliated tenta- 
cles, and is calculated to receive only such minute prey 
as is drawn within the ciliary vortex. I have ventured 
to suggest a new explanation. The seizure of a passing 
animal, and the holding of it in a tenacious grasp until 
it dies, may be a means of attracting the proper prey to 
the vicinity of the mouth. The presence of decom- 
posing animal substance in water invai-iably attracts 
crowds of infusoiy animalcules, which then breed with 
amazing rapidity, so as to form a cloud of living atoms 
around the decaying body, quite visible in the aggre- 
gate to the unassisted eye ; and tliese remain in the 
vicinity, playing round and round until the organic 
matter is quite eoneumed, TTow a tiny Annelid or 
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other animal canglit by the bird's head of a Polyzoau, 
and fjglitly held, would presently die ; and though in 
its own substance it ■would not yield any nutriment to 
the capturer, yet by becoming the centre of a crowd of 
bnsy infusoria, multitudes of which wonld constantly be 
drawn into the tentacular vortex, and swallowed, it 
would be ancillary to its snpport, and the organ in 
question would play no unimportant part in the econ- 
omy of the animal, 
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INSECTS : WINKS AUD THEIK APPEN 

I PEoyosE now to reveal to you some of the microscopic 
marvels of the insect world ; a race vastly more popu- 
loua than aU of tlie other animate tribes put togetiier ; 
for the most part so minute ae to be pecuKarly suitable 
subjects for our present investigations, and so furnished 
with elaborate contrivances and exquisite pieces of 
mechanism, as to elevate our thoughts at eveiy turn 
to the majesty of the Divine wisdom displayed in tlie 
most minute of His creatures. Let us begin with tlicir 
wings. 

The most perfect fliers in existence are Lisects. 
The swallow and the humming-bird are powerful on 
the wing, and rapid ; but neither these nor any other 
"winged fowl" can be compared with many of the 
filmy- winged Insects. Tlie common Hoiise-fly, for 
example, wiU remain for hours together floating in 
the air beneath the eeihngs of our dwelling-rooms, hov- 
ering and dancing from side to side, without effort 
and without fatigue. It has been calculated that in 
its ordinaiy flight the House-fly makes about 600 
strokes witii its wings every second, and that it is earned 
through the air a distance of five feet during that biief 
period. But, if alanned, the velocity can be increased 
six or seven-fold, as every one must have observed, so 



Hooted by Google 



INS]iCT8 : 'WINGS AHD THEIE ArPENDAGES. t9 

as to carry the iaaeet thirty or five and thirty feet in 
the second. In the same space of time, observes Mr. 
IGrby, a race-horse could clear only ninety feet, which 
is at the rate of more than a mile a minute, Oor little 
fly, in her swiftest flight, ■wUl in the same space of time 
go more than the third of a mUe. Now compare the in- 
finite difference of the size of the two animals (ten mil- 
lions of the fly would hai'dly conntei'poise one racer), 
and how wonderful will the velocity of this minute 
creatm'6 appeal- ! Did the fly equal the race-horae in 
size, and retain iis present powers in the ratio of its 
magnitude, it would traverse the globe with the rapid- 
ity of lightning* 

Bees, again, are accomplished mastera of aei-ial mo- 
tion. The Humble-bees, notwithstanding their heavy 
bodies, are the most powerful fliei-s of this class. The 
same excellent entomologist tells us that they " travei-se 
the air in segments of a circle, the arc of which is al- 
ternately to right and left. The rapidity of their flight 
is so great that, could it be calculated, it would he 
found, the size of the creature considered, far to exceed 
that of any bird, as has been proved by the observa- 
tions of a traveller in a imlway carriage proceeding at 
the rate of twenty miles an hour, which was accom- 
panied, though the wind was against them, for a con- 
siderable distance by a Humble-bee {Boinbus subinter- 
mptiis), not merely with the same rapidity, but even 
greater, as it not nnfrequently flew to and fro about 
the carriage, or described zig-zag lines in its flight. 
The aSriftl movements of the Hive-bee a.re more distinct 
and leisurely." f 

Toil have doubtless often admired the noble Dragon- 
* Intr, to Entom. Lett isii, \ Ibid. 
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fly, with its four ample and wide-spread wings of 
gauze, hawlting in a green lane, or over a pool in the 
noon of summer. It sails, or rather shoots with arrowy 
iieetness hither and thither, now forwards, now back- 
wards, now to the right, now to the left, witliout tam- 
ing ite body, hut simply by the action of its powerful 
and elegant winga. Leenwenhoek once saw an insect 
of this ti'ibe chased by a swallow in a menagerie a hun- 
dred feet long. The Dragon-fly shot along with such 
astonishing power of wing, to the right, to tlue left, and 
in all directions, that this bird of rapid flight and ready 
evolution was imable to overtake and capture it, the 
insect eluding every attempt, and being in general 
fully six feet in advance of the bird. A Dragon-fly 
has been known to fly on hoard a ship at sea, the 
nearest land being the coast of Africa, five hundi-ed 
miles distant, a fact highly illustrative of its power of 
wing. 

It is a point of interest to know the sti'ncture of the 
i by which such results are accomplished, and 
e we will devote an hour to the microscopical 
examination of the win^ of one or two Insects. Let 
us begin with the common Fly, one of which, a fine 
blne-hottle, is somewhat noisily buzzing in the win- 
dow — 

" Tlie blae-fly sung i' the pane," — 

as if to invite our attention to him. "Well, we will bor- 
row one of his wings for the lesson : and putting it into 
the stage-forceps, wc shall be able to tura it in any di- 
rection for observation beneath the microscope. 

At first it seems a very thin transparent membrane, 
of a shape between triangular and oval, with a few fine 
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black lilies rimning through it, and along one edge. 
Bat on hringmg a gi-eater magnifying powei- to bear on 
it, we see that the clear surface is covered with minute 
short stiif liairs, each of which has an expanded base. 
And still farther, by delicate focussing, we find that 
there ai-e two sets of these hairs, which come into view 
alternately, those of one row projecting upward to- 
wards oui" eye, those of tlie other downward. They are 
placed on both the upper and under-surface, and are in 
fact appendages of two distinct membranes, applied to 
each otlier. There is some reason to believe that these 
hairs are delicate organs of touch communicating im- 
pressions through the skin to a sensitive layer beneath ; 
at least such seems their function on the body, and 
we may judge from analogy that it is not different 
here. 

The black lines are elastic, homy tubes, over wliich 
the membranes are spread and stretched, like the silk 
of an umbrella by its ribs. The upper membrane ia 
firmly attached to the tubes (which are called ner- 
vures) ; the lower has but a slight adhesion, and ia 
easily stripped from them. The nervures originate in 
the body, and diverge like a fan to various points of 
the tip, and to the upper and lower edges ; some of 
them, however, terminate in the substance of the wing 
without , reaching the edge, and some send off cross 
branches by which two are .connected together. They 
generally maintain the same thickness throughout, but 
there are enlai'gements where the branches join the 
main trunks. These nervures are hollow, and are, dur- 
ing life, filled with a eahtilo fluid, which is supplied 
from the vessels of the body. They contain also rami- 
fications of the exc^uisite spiral air-vessels, which we 
4* 
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ehall presently consider, so that both air and "blood cir 
culate in them. 

In this wing of the Bee all of these stmetnres may 
be seen to greater advantage. The membrane appears 
pei-feetly homogeneous by transmitted h'ght, even with 
so high a raagnilying power as 600 diameters, at least on 
a cursory examination ; thongh, by careful manipula- 
tion, we may discern faint traces of angular lines which 
divide the whole surface into iiTegulai' ai'eas. But 
by nsing reflected light at an obliq^ue angle, this areola- 
tion, which indicates the primary cells of the structure, 
is much plainer, and each area is perceived to carry a 
single hair in its centre. 

The haii-s themselves here take the chai-acter of 
cui-ved spines, not tinlihe those of a rose tree. Along 
tlie front edge of the wing they are sti'aight, stout, 
densely crowded, and overlapping in an inclined po- 
sition ; but the most interesting modification of these 
organs is seen at the front edge of the posterior pair. 
Unlike the My, which has htit a single pair of wings, 
the Bee has two pmi's, of wliich the fore pair is the 
larger and more horny, the hinder pair seeming to be, 
us it wei-e, cut out of the hinder and inner side of the 
fore ones. The two edges — the hinder edge of the fore 
pah- and the front edge of the hind paii- — then con-es- 
pond, but it is necessary that, during flight, when the 
wings are expanded, the two wings on each side should 
mmntain this relative position, neither overlapping the 
other, but together presenting one broad siu'face, where- 
with to beat the air. There must be, therefoi-e, some 
contrivance for locldng together the two edges in ques- 
tion, which yet sl^all he capable of being unlocked at 
the pleasure of the animal ; for the wings daring repose 
slide over one another. Tliis contrivance is furnished 
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by a series of hairs or spines running along the front 
edge of tlio huid-'wing ; they are bent np into strong 
Bemieircular hooks, arching outwards, looking, under a 
high power, like the hooka on a butcher's stall. On 
the other hand, the margin of the fore-wing is strength- 
ened, and is turned over with a shallow doubling, so 
as to make a gi'oove into which the hooks catch ; and 
thus, while the fore-wings ai-e expanded, the hooks of 
the other pair are firmly locked in their doubled edge, 
while, as soon as flight ceases, and the wings are re- 
laxed, there is no hin 
drance to the sliding of '-^ 
tlie front over tliO hind ,^'^'^' 
pair. ^ ]^_ 

The wings of many in 
sects are interesting o 
account of the organs 
with which they aie 
clothed. - A familiar ex 
ample is famished by 
tho common Gnat, a 
wing of which is on the elide now before nie. There 
is the same general structure as before, — two clear elas- 
tic membranes stretched over slender horny tubular 
neiwures, and studded on both surfaces with short spine- 
like hairs, which in this ease, however, are excessively 
numerous and minute. But along the nervures, and 
along other lines which run (generally) parallel with 
the front margin, and also along the whole margin, 
(liere are sot long leaf-like scales of very curious ap- 
peai-anee and strncture. 

Confining our attention to one of these lines, sup- 
pose one of the nervures, we see that its course is 
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marked on tlio uppei- membrane by five rows of minnte 
elevated waits, arranged obliquely witli one another. 
From each of these warts springs a slender stem which 
gradually dilates into 
a thin leaf-shaped 
; plate of transparent 
Bubetance, having 
from fonr to eight or 
ten longitudinal ribs. 
Tliey project in a radiating nianner, all inclined towards 
the tip of the wing. The same line on the under-sur- 
face carries t-lie lite number of leaf-like plates, corre- 
sjjonding in arrangement, structure, form and direction 
with tliose on the upper side. The margins of the wing 
all round are furnished with similar organs, with tliis 
diiference, that whereas the plates along the lines are 
as it were cut off abniptly, at tlieir greatest diameter, 
tlie marginal ones converge again witli a gracefully 
curved outline, to a fine point: a form which is seen 
to the greatest advantage along the hind edge of the 
wing, while those of the front margin are tliicker, and 
more densely crowded. 

There are, however, other Insects which display these 
or similar appendages in far greater profusion, and in 
much variety of form and appearance. In tlie fissures 
of cliffs that border the sea-shore may often be foiuid 
some wingless but active Insects, which are endowed 
with the power of leaping in great perfection. Prom 
their hinder extremity being furnished with long pro- 
jecting bristles, they are sometimes called Bristle-tails, 
but naturalists designate the genus MaoMlis. If you 
can get one sufficiently still to examine it, you will be 
delighted witii the lustre of its clothing, which appears 
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dusted all over with a metallic powder of i-icli coloura, 
— red, brown, orange and yellow, foiled by dull lead- 
grey in places. 

If you tonch one of these nimble leapers, tliongli 
ever bo lightly, you will see the result on your finger- 
ends ; for they will be found covei'ed with a thin stra- 
tum of the finest dust, which displays the coloured me- 
tallic reflection seen on the insect. By touching one 
with a plate of glass instead of your lingei', you will get 




the same lu t o adl eettlsta;^ t ned i, by 
apply ng h cl to the c oacope 3 o may it once 
disee tl e marvello s ati e of the a ne t with 
which tl e little creat i. bede ked 

Tiie dust 13 now seen to be composed of myriads of 
tliin scales, mostly regular and symmetrical in their 
forms, though varying exceedingly among themselves 
in tiiis respect. Some are heart-shaped, some shovel- 
shaped, some round, oval, elliptical, half round, half 
elliptical, long and narrow, sometimes iiTeguIar and 
unequal, and of various other undescribable outlines. 
Perhaps the most common forms are ovate, heart- 
shaped, and that of the pan of a fire-shovel. Eacli thin 
scale has a minute foot-stalk, which is not connected 
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wiili it at eitliei' extremity, but at a point of one surfacQ 
a little way from the smallei* end, ■whence it projects at 
an oblique ingle , so that when the stalk was iuseiied 
in its I lopei cell m the skin of the insect, tlie scale lay 
hoiizontally, covering the insertion. 
This IS a peculiarity not found in 
icmi. other scales that I shall prea- 
I ently introduce to you. 

The whole body of the scale is 
ti 1^ ei-^ed by a series of fine close-set 
i piiallel lines, running longitudinally 
m end to end. At least this is 
the ordinary arrangement; but oc- 
{.isionilly yon see scales, in wliieh 
tl eie ire two series of parallel lines, 
aiiinged on either side of animagin- 
aiy central line, towards wliich they 
lebpectivelj con-^cige but never, I think, diverge from 
it These lines appeii tt form thickened ribs, but seem 
to he made hy elevations of the membrane botli above 
and below. Between the ribs, on tlie larger scales, we 
see a number of very delicate cross lines, which are 
probably regular wrinklings of the depressed surface. 

Tliere is another little Insect of the same family, 
commonly found in cupboards, 'and in chinlcs of old 
damp bouses, and called the Sugar-lonae {Zepisma) ; 
very much like this, but of a silvery lustre, and cariy- 
ing the three bristles of tlie tail diverging widely. This 
also is covered with scales, some of which are preserved 
on this glass slide. Here, while the general appearance 
and structure agi'ee with those of the scales which we 
Iiave just been considering, there is considerable diver- 
sity in details. The form ia usually ovate or shovel- 
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Jifce ; tJ^e foot-stalk, projecting at a similar angle, is not 
set on the inferior svu'face, but in tlie bottom of a 
deep narrow incision ; and the riba are invai'iahly di- 
vergent like those of a fan. In these, however, tliei'e is 
a peculiarity" of arrangement, which I have never seen 
noticed, but which is obvious enough in the specimens 
before us. The ribs on the two surfaces diverge at a 
different angle, those of the upper surface being the 
more divergent, divaricating fi'om, the foot-staUi, while 
those of the lower membrane are coarsei-, and much 
more nearly parallel, their bases ranging along the 
hind edge of the scale. The effect of the intersection 
of the sets of lines at so acute an angle, is to convey 
the optical impression that the scale is covered with 
short irr^ular dashes. 

Such is tlie an-angemeut on these scales, which I 
prepared myself from the eomon Lepisma, ; hut I have 
a slide marked " Lepisma," 'from one of tlie dealers in 
microscopic objects, in which the ribs on the two 
sides concur ; hut, on one side, there ai'e obliquely 
divergent lines visible only neai' tlie margin, which 
appear to be produced by wrinliles of the membrane 
analogous to the transverse dashes on those of Ma- 
chiUs. 

Scales much more delicate than either of these sorts 
ai'e found on the Pod/u/ra, a minute insect of which 
there are several species ; which leap, jerking out the 
bristles of tlie tail, that are oi'dinariiy carried under the 
body, like a coiled spring. They are common in cellars, 
in hot-hed frames, on dunghiUs, on the surface of water 
in TOad-ruts, &e. On the slide hefore you are some of 
the smaller scales from one of these insects ; they are 
jf delicate, and the clearness with which you 
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discern tJie character of their marliiiigs, is a proof of 
the good definition of my microscope ; this is what 
is called a "test-object." At first sight they seem 
covered with ribs like those of the MachiUs and I^pis- 
ina; but, by the use of a magnifying power of 600 diam- 
eters (as I have now put on), you perceive that, in 
the first place, the lines are not straight nor parallel, 
but curve in-egularly, and are often branched ; and, 
in the second place, that they ai'e not uninterrupted, 
but made up of a series of successive wedge-shaped 
wai'ts, which lie nearly flat, but project a little at tlie 
lai'ger end, where each overlaps the next. The scale 
wo are looting at measures '0014 inch in length, and 
■0009 in width ; here the marks are well defined ; here 
are smaller sealea -0008 in length by '00035 in width, 
but these are more dim and difficult to resolve. 

The beautiful and estensire order called Lepidoptera 
OP Scale- winged, pa/f exceUSnce, including the gay tribes 
of Bntterilies and Moths, present us with many ex- 
ceedingly interesting varieties in tliese singular cover- 
ings. The study of these might be almost as wide as 
the immensity of species ; I can only show you a few 
exmples. 

Here are specimens from the pretty little white 
Five-phime Koth (Pt&rophorus), so common in meadows 
in summer. The genei'al shape of the scales from tbe 
body and wings is that of a willow-leaf, some singly 
pointed, but more cut at the tip into two, three, or 
four notches. Those from the legs ai'e longer and slen- 
derer in propoi'tion ; and among tlie othei-s from the 
wings, there are some which take the form of hairs, 
which send forth one or more branches from one side, 
that form a very acute angle with the main stem. The 
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scales proper are all marked with longitudinal lines, 
Tery minute and close, biit they mostly hear a central 
hand, aiid aometimeB a marginal one on each side, of 
spots set in sinuous lines like the hands on a maclver- 
el's hack ; these are prohahly composed of pigment- 
gi'anules, . 

These from the pi'etty Six-spot Burnet Hawkmoth, 
are nearly opaque, especially those frona the red parte 
of the wings, which have a rich ruddy glow hy trans- 
mitted light. Tliey are nan-ow in shape, tapering 
gi-adually forward from the foot-stalk, and tei-minate 
mostly in two blunt points. The rihs are coarse for the 
size of the scales, and the depressed spaces ai'e marked 
with u-regnlar pigment-gi-ains. 

The hairs with wliich tlie hodies 
of Motlis are invested ai'o essentiilh 
of the same character as the scihs /, 
which clothe their wings. Hem aie 
examples from the glowing sides t 
the abdomen of that richly colouiel 
insect, the Cream-spot Tiger-moiitli 
(Arctia vUUca). Yon see they 11 e 
simple scales, di-awn out to an 11101 
dinate length and gi-eat tenuity ; each 
has its quiil-like toot-staik, and \ve 
may trace on some of them the ribs 
and transverse dotting, wliile here we 
see all intennediate stages between 
the slenderest liair and the broadiy 
ovate, hlnnt'y -pointed scales from the n 
wings. 

Ton are familiar of course with the brilliant little 
Blue Butterfly {Polyommalua Alexis), which dances 
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and glitters in the Eiiiishin© on Tivaste places in June. 
Among the scales of ordinaiy form which cloths the 
lovely httle winga will occnr one here and there of a 
diffei'ent shape from the rest. Hej'e yon may see one ; 
it is much smallei" than the average ; the foot-sfcalk is 
very long, and the shape of the entire scale is that of a 
battledoor. The ribs are rather few and coai-se, and 
they have tliis peculiarity, tliat each rib swells at inter- 
vals into ronnded dilatations, each of which has a minnte 
black point in its centre. In some of these battledoor 
scales there is, near the lower part of the expansion, a 
crescent of minute pigment-gi'ains. 

The silveiy gi-ey smtface of the front wings of a 
common moth, known ae the BnfP-tip {Pygaira iuce- 
phala), is composed of scales of unusual magnitude, 
and of a remarkable foi-m, their shape being that of an 
expanded fan, and being quite distinguishable by the 
unassisted eye. The ribs are very fine and numerous, 
and thei'e are diverging lines of pigment-gi'ains nui- 
uing*thi-ough the scale. 

Those of the Emperor Moth {Saiwnia fomonia- 
minor), ai'e likewise triaiigular in outline, and are re- 
markable for being deeply notched at the end ; so deep- 
ly as to leave projecting points (from two to five) as 
long as, or even longer than the integi'al poiiions of 
the scale. 

In some species we find scales tlie tips of which are 
furnished with a curious sort of fringe. This slide pi'e- 
sents several such in the midat of many of a more ordi- 
naiy shape and appeai-ance. The scales in question are 
6ti-aight, and parallel-sided, rather narrow, with the 
basal end rounded, and the terminal extremity tapered 
abruptly to a point ; it is on each slope of this point 
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that the fringe is ari'anged. The siivface does not ap- 
pear to be elevated in ribs, but smooth ; -wliile the whole 
interior, except a crescent around tlie 
foot-stalk, is iilled with pigment-grains, 
imparting a mottled appearance. It is 
remarkable that all the scales of this foi ni 
have the foot-stalk turned in ui\der tlie 
expanse. The example which we aie 
considering is from the white portion of 
the wing of Pieris Olaucippe, a fine bnt- 
tei'fly from China; bat a similai- stmc- 
tnre is fonnd in our own Garden Whites, 
and Meadow Browns, {Pieridw and 

■«). 

;es taken from the brilliant 

e bine-green patch in the hind- rmHGED scale of 
wing of Pa{piUo Paris, a fine Indian 
butterfly, have an interesting ajiipeai-ance. They are 
simply pear-shaped in outline, with few longitudinal 
ribs set far apart, and numerous strongly-mai'ked eor- 
mgations running across between them. That tliese 
ai'O reaUy elevations of the sxtrface, is well seen in some 
scales, even witli transmitted light, and a high power ; 
for the slopes'of tlie wrinkles that face the light display 
the lustrous emerald reflection proper to the wing, 
while the transmitted colour of the whole scale is a rich 
tr ansp arent red. 

Tlie dimensions of the scales do not bear any 
certain proportion to the size of the insect which is 
clothed ivith them ; those from the broad wings of 
the noble SaHimia Atlas, for example, eight or nine 
inches in expanse, being exceeded in size by some 
from those of our little native Muslin Moth, an inch wide. 
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You will say that wliat I am about to show you is a 
lovely object ; but for its right display I must use a 
low magnifying power, — ^not higher than a hundred 
diameters, — with the Lieberhuhn to reflect the light of 
the mirror full tipon the surface. It is a small frag- 
ment cut from the wing of PapUio J^a/ris, showing 
several rows of the scales in their natui'al arrangement. 
The gemmeous radiance of the glittering green scales 
on the black ones, by which they are environed, glares 
out with a splendid effect ; and what is more interest- 
ing, you can trace the manner in which they are set, 
— those of each row slightly overlapping the bases 
of another row, Hke slates on a roof, — and also the 
mode in which they are inserted. The clear hoi^n-eol- 
oured membrane of the wing is seen raised in sliaUow 
transverse steps (if I may use such a teiin) so that if 
it were divided longitudinally, the edge would ap- 
pear cut into saw-hke teeth. Along the margins of 
these ridges are set minute sockets, which are very 
distinctly seen, where the scales have been displaced; 
in these the tiny footstalks of the scales are inserted. 

The little Beetles which we are familiar with under 
the name of Weevils, characterised by tlieh long slender 
snoute, at the end of which they carry cnriously folding 
antennse, and which constitute the family, OurouHonidw, 
are in many cases clothed witli scales, to which tliey 
owe their coloura and patterns. Several of our native 
species display a green or silvery lustre, wliich under 
the microscope is seen to be produced by oval scalea. 
But these are eclipsed by the splendour of many trop- 
ical species ; especially that well-known one from South 
America, which is called the Diamond Beetle, and 
scientifically Mvimms imperialis, from its unparalleled 
magnificence. 
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A piece of one of tlie wing-cases of this "beetle is 
gummed to the slide now upon the stage. We look at 
it by reflected I' It ^'th a mign'fy' g joye of 130 
diameters. We see i bl^cl g o nd on wl cl a 6 
strewn a prot s 
of what loo! 1 k 
precious stones blaz 
ing in the most go 
geous lustre. To 
pa^es, sapph ref 
amethysts, i b e 
emeralds seem he e 1 
sown broadcast i 1 
yet not whoily w th | 
out 3'egularity f b les c 

there are broa 1 

bands of the leep 1 lack s face wl eie the o a c i o 
gems, and, tho ^,1 at eon lenble d ve ty of angle 
they do all po t w tl mo 6 o less ] rec on n ne 
direction, viz. that of the bands. 

These gems are flat transparent scales, very regu- 
larly oral in form, for one end is rather more pointed 
than the other ; there is no appearance of a footstalk, 
and by what means they adhere, I know not ; they are 
evidently attached in some manner by the smaller ex- 
tremity to the velvety black surface of the wing-case. 
The gorgeous colours seem dependent in some measure 
on the reflection of light from tlieir polished surface, 
and to vary according to the angle at which it is re- 
flected. Green, yellow, and orange hues predominate ; 
crimson, violet, and blue are rare, except upon the long 
and narrow scales that border the suture of the wing- 
eases, where these colours are the chief reflected. Yet 
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there appears to be some positive colour in tlieir sub- 
stance; for in these latter scales, which projecting be- 
yond the edge of the wing-case can be examined as trans- 
pai'ent objects, and that with a high power, the trans- 
mitted light is richly coloured witli the same tints as 
the same scales displayed tinder the Liebei'kuhn. 

We may derive pleasant instmetion from continuing 
our observations on a few other wings of insects. If 
you have ever thought on the subject, you have pro- 
bably taken for granted that the various sounds pro- 
duced by insects ai'e voices uttered by their mouths. 
But it is rot so. No insect has anything approaching 
to a voice. Yocal sounds are produced by the emission 
of air "from the lungs variously modified by the organs 
of the mouth. But no insect breatlies through its 
mouth ; no air is expelled thence in a single species ; it 
is a biting, or piercing, or sucking organ ; an organ for 
the taking of food, or an organ for offence or defence ; 
but never an organ of sound. 

The wings are in most cases the immediate causes 
of insect sounds. On this subject you will read with 
pleasure some very interesting remarks by the learned 
Mr. I^rby, inquiring, " by what means these sounds 
are produced." 

*' Ordinarily, except perhaps in the case of tlie gnat, 
they seem perfectly independent of the will of the ani- 
mal ; and, in almost every instance, the sole instruments 
that cause the noise of flying insects are tlieir wings, or 
some parts near to them, which, by their friction 
against the tnink, occasion a vibration — as the fingers 
upon the strings of a guitar — ^yielding a sound more or 
less acute in proportion to the rapidity of their flight, 
the action of the air perhaps upon these orgajis giving 
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it some modifications. "Whetlier, in the beetles that 
fly with noise, the elytra [or wing sheaths] contiibiite 
more or less to produce it, seems not to have been 
clearly ascertained ; yet since they fly with force as 
well aa velocity, the action of the air may cause some 
motion in them, enough to occasion friction. Witli re- 
spect to Dvpiera, Latreille contends that the noise of 
flies on the wing cannot be the result of Motion, hecanse 
their wings are then expanded ; but though to us flies 
seem to sail through the air without moving these or- 
gans, yet they are doubtless all the while in motion, 
though too rapid for the eye to perceive it. When the 
aphidivorous flies are hovering, the vertical play of 
their wings, though very rapid, is easily seen ; but 
when they fly off it is no longer visible. Repeated ex- 
periments have been tried to ascertain the cause of 
sound in this tribe, but it should seem with different 
results. Pe Geer, whose observations were made upon 
one of the flies just mentioned, appears to have proved 
that, in the insect he examined, the sounds were pro- 
duced by the friction of the root or base of the wings 
against the sides of the cavity in which they are inserted. 
To be convinced of this, he affirms, the observer has 
nothing to do but to hold each wing with the finger 
and thumb, and, stretching them out, talcing care not 
to hurt the animal, in opposite directions, thus to pre- 
vent their motion — and immediately all soimd will 
cease. Yov fai-ther satisfaction he made the following 
experiment. He first cut off the -wings of one of these 
flies very near the base ; but finding that it still con- 
tinued to buzz as before, he thought that the wlngleta 
and poisers, -which he remarked were in a constant 
vibration, might occasion the sound. Upon this, cut- 
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ting both off, lie examined the mutilated fly with a mi- 
croscope, and found tliat the remaining fragments of 
the wings were in constant motion all the time that the 
buzzing continued ; but that hy pulling them up by 
the roots, all sound ceased. Shelter's experiments go 
to prove, with respect to the insects tliat he exam- 
ined, that the wiftglets are more particularly concerned 
with the buzzing. Upon catting off the wings of a fly 
■ — ■but he does not state that he pulled them up by the 
roots— he found tlie sound continued. He next cut off 
the poisers — the buzzing went on. Tliia experiment 
was repeated eighteen times with the same result. 
Lastly, when he took off the winglets, eitlier wholly or 
partially, the buzzing ceased. This, however, if cor- 
rect, can only be a cause of this noise in the insects 
that have winglets, N^umbers have them not. He 
next, therefore, cut off the poieera of a crane-lly (Tifula 
crocaia), and found that it buzzed when it moved the 
wing. He cut off half the latter, yet still the soiind 
continued ; but when he had cut off the whole of theso 
organs the sound entirely ceased." * 

There is a pretty little beetle {Clytu^, not imcom- 
mon in summer in gai^dens, remarkable for the brilliant 
gamboge-yellow Imes across its dark wing-eases, which 
makes a curiotia scLueaking sound when you take it iu 
your hand. You think it is ciying ; but if you care- 
fully examine it with a lens while the noise is uttered, 
you will perceive that the cause is the gi'ating of 
the thorax against tlie front part of the two wing- 
eases. Several other beetles produce shnilar sounds 
when alarmed, by rubbing the other end of the wing- 
sheaths with the tip o£ the abdomen. Many of 
* Introd. to Entom, Lett, xxiv. 
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those genei'a which feed on ordiu'e and carrion do 
this. 

But the noisiest of all insects are those of the classes 
Orthoptera and HomopUra, the Cricliets and Grasshop- 
pers, and the Ti-eehoppers. And these shall bring ns 
back to our microscope, to ■which we shall retrun -with 
the more zest, after this little interval of repose for our 
strained eyes. 

Listen ! we hear coming up the kitchen-stairs, the 
stridulous chii-ping of the House-erieket {Acheta do- 



" The cricket chirnips on the hc^vtli." 

The cook shall catch us one for investigation. " Please 
sir, here's tlie crickets : here's half a dozen on 'em. I 
don't like 'em, I don't ; nasty noisy varmint !" Thank 
you, cook ; we'll try and turn them to some useful pm- 
pose to-day, at least. 

Now, you see, each of the upper ■wings or wing-eases 
has a clear space near the centre, of a triangular form, 
crossed by one or two slender nei-vures. This space 
has i-eeeived the name of the tjmpamuii or dmm. It 
is bounded externally by a broad dark nervure, which 
with a low power ■we see is scored with three or four 
longitudinal fuiTows, of course separated by as many 
homy j-idges. In front of the eleai- dmm, and form- 
ing a cuiTed base to the triangle, there passes aci-oss 
a homy ridge, tapering outwards, which is roughened 
thronghout its lengtli by close-set teeth exactly like a 
file. When the insect chooses to be miisical it partially 
opens and closes its wing-sheaths, causuig the two files 
to rab across each other ; and this gives rise to the 
pecuhar ringing vibration the intensity of which is 
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heightened ty the tense " drum" acting as a Bonndmg 
hoard. 

So at least some say ; but K. Gonreau, who has 
published some elaborate observations on the chirping 
of insects,* asserts that the soimd is chiefly owing to 
the action of the " file" (which he calls the " bow") on 
the longitudinally-ridged nervm'e, which he calls the 
" treble-string." 

"We see in this individual, that is so obliging as to 
produce what coot calls ite "nasty noise" before us, 
that he elevates the wing-sheaths so as to form an acute 
angle with the body, and then rubs them together with a 
very brisk horizontal motion ; hut whieli of the nei'viu'es 
it is that actually produces the sounds, it would req^nire 
a very careful and elaborate .series of experiment.-il re- 
searches to determine. It has been asserted that the 
legs play a part in the music "by being rubbed against 
the bows ; this, however, seems improbable from their 
relative position. 

In the Southern United States, I have had opportu- 
nities of seeing and of hearing a veiy noisy performer 
of the Gryllus ti-ibe, called the Katedid (Pterophylla 
concava), which sings through the night in the foliage 
of the tre^. The sounds, reiterated on every side, re- 
semble a score or two of quai'relsome people with slmll 
voices, divided into pairs, the individualB of each pair 
squabbling with each other ; " I did ! " " You didn't ! " 
" I did ! " " Tou didn't I " the objurgation maintained 
with the most amusing pertinacity, and without a 
moment's intermission. Here the wing-sheaths, which 
are large and as it wei'e inflated, are certainly the or- 
gans of sound. A portion of each is turned, at right- 
* Ann. Soc. Ent. de Franco. 
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angles to the remainder, over the back, so that the one 
partly overlaps the other. Tlie mitsical organ eonsists 
of a liard glassy ridge in front, behind -which is a ti-ans- 
parent memlji-ane, whicli appears tightly stretched over 
a semicircular rim, like the parchment of a drum, an- 
swering in sti-octure and in function to the part so com- 
pared in the cricket. 

This Gryllns I found would crink freely, when held 
in my fingers, provided I held it by the head or thorax, 
so as not to interfere with the freedom of the wing- 
cases ; though theee needed only to be partially opened, 
the bases being merely slightly separated without af- 
fecting the general contiguity. The two glassy ridges 
were rubbed across each other, making the sharp crink. 
Ordinarily this was done thriee, three distinct but 
rapid crossings mating the sound represented by the 
word " Katedid ; " but occasionally the insect gave but 
a single impulse, uttering as it were but one syllable of 
the word. 

The Locusts and Grasshoppers, however, do, it ap- 
pears, make use of their hind legs in producing their 
crink. If you look at this Grasshopper's leg, you will 
see that tlie thigh is marked with a number of trana- 
yerse overlapping angular plates, and that the shank 
carries a series of short homy points along each side. 
The insect when it crints, brings the shank up to its 
thigh, and rabs both to and fro against the wing-sheaths, 
doing this by turns with the right and left legs, which 
causes the regalar breaks in the sound. The drum, on 
which this rubbing vibrates, has been described by the 
anatomist, De Geer : — " On each side of the first seg- 
ment of the abdomen," says he, "immediately above 
tlie origin of the posterior thighs, there is a consi- 
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devable and deep aperture of ratlier an oval foi'm, 
wliieh is pai'tly ciosed by an irregular flat plate or op- 
erculnm of a liard substance, but covered by a wrinkled 
flexible membrane. The opening left by this opercu- 
lum is semilunar, and at the bottom of tie cavity is a 
white pellicle of considerable tension, and sbining like 
a little mirror. On that side of the aperture which 
is towards the head there is a, little oval hole, into 
which tlie point of a pin may be introduced without 
resistance, "Wlien the pellicle is removed, a large cav- 
ity appeal's. In my opinion this aperture, cavity, and 
above aU the membrane in tension, contnbiite mucli to 
produce and augment the soimd emitted by the grass- 
hopper." * 

In tliis case we may without hesitation conclude 
that the friction of the thigh-plates and shank-points 
on the rough edges of the wing-cases, produces the 
musical vibration of tlio tense membrane, as rubbing 
a wet glass with the finger will yield a loud musical 
note. 

The most elaborate contrivance for the production 
of sounds among the Insect races, however, is found 
among the Cicadse, celebrated in classical poetry as the 
veiy impersonations of song and eloquence. I regret 
I cannot show you this appai'atus ; for though we have 
a British species, — lately discovered in the New Forest, 
— it is verj' rare. Should you travel, however, either 
in the old or new world, you wOI liave abundant op- 
poi-tunities of using your microscope to verify the fol- 
lowing description by our prince of entomologists, Mr. 
Kirby. 

" If you look at the under side of the body of a 
■* De Geer, iii. -m. 
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male, the ilrst thing that will strike yon is a pair of 
large plates of an irregular form — in some semi-ova!, in 
otliers triangular, in otliere again a segment of a circle 
of greater or less diameter — covering part of the helly, 
and fixed to the tniiik: hetween the abdomen and tlie 
hind legs. These are the dmm-eovere or opercula, 
from beneath which the sound issnes. At the base of 
the posterior legs, just above each operculum, there is 
a small pointed triangular process, the object of ■which, 
as Reaumur supposes, is to prevent them from being 
too much elevated. When an operculum is removed, 
beneath it you will find on the exterior side a hollow 
cavity, with a mouth somewhat lineai', which seems to 
open into the interior of the abdomen : next to this, on 
tlie inner side, is another large cavity of an iiTcgulai" 
shape, the bottom of which is divided into three poi^ 
tions; of these the posterior is lined obliquely with a 
beautifal membrane, which is very tense — in some 
species semi-opaque, and in other transparent — and re- 
flects all the colours of the rainbow. This min-or is not 
the real organ of sound, but is supposed to modulate it. 
The middle portion is occupied by a plate of a hoi-ny 
substance, placed horizontally, and fonning the bottom 
of the cavity. On its inner side this plate tenninates 
in a carma'ov elevated ridge, common to both drums. 
Between the plate and the after-breast (posipedus) an- 
other membrane, folded transversely, fills the oblique, 
oblong, or semilunar cavity. In some species I have 
seen this membrane in tension ; probably the insect 
can stretch or relax it at its pleasure. But even all this 
apparatus is insufficient to produce the sound of these 
animals ; one still more important and curious yet re- 
mains to be described. This organ can only be discov- 
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ered by dissection. A poi-tion of the iii-st and second 
segments being removed from tliat side of the back of 
the abdomen which answers to the drams, two bnndles 
of muscles meeting each other in an acute angle, at- 
tached to a place opposite to the point of tie inu&t'o of 
the first ventral Begment of the abdomen, will appear. 
In Eeaumnr's specimens, tliese bundles of muscles 
seem to have been cylindrical ; but in one I dissected 
{Cicada Ga^pensis) they were tubiform, the end to which 
tlie true drum is attached being dilated. These bun- 
dles consist of a prodigious number of muscular fibres 
applied to eacli other, but easily separable. "Whilst 
Reaumur was examining one of these, pulling it from 
its place with a pin, he let it go agam, and immediately, 
though the animal had been long dead, the usual sound 
was emitted. On each aide of the drum-cavities, when 
the opercula are removed, another cavity of a lunulate 
shape, opening into the inta'ior of the abdomen, is ob- 
servable. In tliis is the true drum, the principal organ 
of sound, and its aperture is to the Cicada, what our 
larynx is to us. If these creatures are unable them- 
selves to modulate tlieir sounds, here are parts enough 
to do it for them : for the mhrors, tlie membranes, and 
the central portions, with their cavities, all assist in it. 
In the cavity last described, if you remove tbe lateral 
pai't of the first dorsal segment of the abdomen, you 
will discover a serai-opaque and nearly semicircular 
concavo-convex membrane witli transverse folds ; this 
is the drum. Each bundle of muscles, before men- 
tioned, is tei-minated by a tendinous plate nearly cii-cu- 
laj-, from which issues several little tendons that, foi-ming 
a thread, pass through an aperture in the horny piece 
that supports the drum and are attached to its under or 
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concave surface. Thus the bundle of muscles being al- 
teniately and briskly relaxed and contracted, will by 
its play draw in and let ont the dram : eo that its con- 
vex surface being thus rendered concave ^yhen■pulled 
in, when let out a sound will be produced by the effort 
to recover itsxonvexity ; whicli, striking upon the mir- 
ror and otlier membranes before it escapes from under 
the operculum, wiU be modulated and augmented by 
them. I should imagine that the muBcular bundles ai-e 
extended and contracted by the alternate approach and 
reeiKsion of the trunk and abdomen to and from each 
other, 

" And now, my friend," adds the excellent author, 
" wliat adorable wisdom, what consum.mate art and 
BbUl are displayed in the admirable contrivance and 
complex structure of this wonderful, this unparalleled 
apparatus I The great Creator has placed in these in- 
sects an organ for producing and emitting sounds, 
which, in the intricacy of its construction seems to 
resemble that which He has given to man and the 
lai'ger animals for receiving them. Here is a cochlea, 
a meatus, and, as it would seem, more tlian one tyin- 
pa/nt0n ! " 

In some instances the sounds of insects more nearly 
approach the character of true voices ; at least so far 
as they are produced by the emission of air from the 
breathing organs. One of the most eminent of conti- 
nental entomologists, Dr. Burmeister, teUs us so. 
Finding that the buzz of a large fiy {EristaMs tencKe) 
still eonthraed after the winglets, the poisers, and even 
the wings, had been q^uite cut off except their stumps 
(only in the last case the sound was somewhat wealvcr 
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and higlier) he conceived that the spiracles lying be- 
tween the meso- and meta-thoram mnst be the insti'u- 
ments of the sound ; which, accordingly, he fonnd to 
cease entirely when they were stopped with gum, 
though while the wings were in vibration. Pursuing 
his researches, he exti'acted one of these spiracles, and 
opening it cai'efnily, found its posterior and inner lip, 
which is directed towards the commencement of the 
trachea, to be expanded into a small, flat, crescent- 
shaped plate, upon which are nine parallel, reiy deli- 
cate, horny laminse, the central one being tlie largest, 
while those on each side become gi'adually smaller and 
lower ; so it is, he is persuaded, in consequence of the 
air being forcibly driven out of the traohea and touch- 
ing these ]amin£e that they are made to vibrate and 
sound, precisely in the same way with the glottis of the 
larynx. Dr. Eurmeister (who remai'ts that Chabriei', 
in his £s8ai sur le Vol des Insectes, p. 45, &c., has also 
explained the hum of insects as produced by the air 
streaming from the thorax dming flight, and also speaks 
of laminae which lie at the aperture of the spiracles), in 
order to be certain that the lamina in question in the 
posterior spiracles of the thorax are alone concerned in 
producing sound, also inspected the anterior ones, but 
without finding in them any trace of these laminas. 
lie explains the weaker and sharper tones produced 
when the wings, all but tlie very roots, are cut ofP, as 
resTilting from the weaker vibrations of tlie contracting 
muscles, and consequently less forcible expulsion of the 
air when the vibratory organs are removed ; and he 
thinks ■ndth Chabrier that some air may escape through 
the open trackem of the wings which are cut off. 
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Though he regards these laminEB aa the cause of hum- 
ming in bees and flies, he do^ not decide that other 
causes may not produce the buzz of cockchafers; &c., in 
the thoracic spiracles of -which he could not discern 
them.* 

* Man. ofEnlom. 4fi8. 
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CHAPTER TI. 

INSECTe : THEIK BHEATHIN& 0KG4NS. 

Idt order to imderstand the passage last quoted from 
Bm-raeister, yoii ought to know something of the man- 
ner in which hteathing is peifomied among insects. 
Essentially, breathing is the saino fimction, -wherever 
it occiu's ; and it does occnr, doubtless, in aU. animals 
under some form or other. It is the absoi-ption of oxy- 
gen from without to the fluids within, to repair the 
waste constantly produced by vital energy. But it 
may be obtained from different sources, and imbibed in 
various modes. 

All insects in the perfect state are air-breathers ; 
that is, they procure tlieir oxygen from the air as we 
do ; and most of them are so in their earlier stages. 
Even in exceptional eases, viz., such laiwte or pupie as 
are provided with what represent gills, and appear to 
be dependent on the water for their respiration, the 
exception is rather apparent than real, for the function 
!8 pei-foi-med in air-vessels still. 'Now these air-vessela 
shall afford us some interesting microscopical obser- 
vations. 

Tliis brown fly, which ia buzzing and hovering on 
invisible wings over the flowers in the garden, yoi; 
perhaps take for a bee. Wo ; it lias but two wings ; 
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for I have caught it, and you may ascertain tKe fact 
for yourself ; it belongs to tlie genns Syrphus. Hav- 
ing caught it, I deprive it of life by means of the very 
organs I am going to examine, for I turn a tumbler 
over it and insert under the edge a hghted lueifei'- 
mateh. In a few seconds it is dead, — suffocated ; for 
phosphoric and sulphuric acids introduced into the 
breathing tubes q^nickly desti'oy life. I presently take 
it out, and putting it into a dissecting-trough under a 
lens, cut up the abdomen with a pair of fine pointed 
scissors. Then I pin open the divided abdomen to the 
bottom of the trough, which is coated with wax for the 
pui-pose ; and, looking at it with the lens — but you 
shall look for yourself. 

"Well, you see littlo else but the polished brown 
walls of the body and a number of fine white threads. 
It is those threads that we want. Witli a small camel's 
hair pencil I move them to and fro in the water, and 
soon perceive that they ai'e like little trees with com- 
pai'atively thick trunks, sending off many branches, and 
gradually becoming excessively slender. Hei-e and 
there short thick branches break out on two opposite 
sides, and on each side are connected with the wall of 
the abdomen. Here then with the fine scissors I snip 
them across, and lift up a portion with tlie hair pencil 
into a drop of water which I have already put into 
the live-box. The cover now flattens the drop, spreads 
the -white threads, — and the object is ready for our 
eye. 

We have before us a considerable portion of the 
tracheal system of the fly. And though, owing to the 
involution of the parts and the injury our rude anatomy 
has done, we cannot trace the beautiful regularity 
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which exists in hfe, we may see the principle on which 
they are arranged, and much of the perfection with 
which they are constinicted. 

Here then is a system of pipes, — some large, some 
small ; the smaller branching forth from the large, 
and themselves sending off yet smaller branches, which 
in their turn divide and subdivide until the final raml- 
iications are excessively attenuated. Besides these, we 
see here and there ovate or ban-el-sliaped reservoirs, 
having the same appearance and intimate sti'ucture as 
the pipes, but of much larger calibre and connected 
with them by a branch. 

Tins, I say, is the breathing system, or a large por- 
tion of it. Tliese pipes receive the air from without 
through trap-doors, which we will examine presently, 
and convey it to the most distant parts of the body. 
In ourselves the air is inhaled into a great central reser- 
vou", the lungs, and the blood dispersed through every 
part is brought to this reservoir to be oxygenated. In 
hisects it is the hlood that is collected into a great 
central reservoir, and the air is distributed by a mi- 
nutely divided system of vessels over the blood-reser- 

The trachem or air-pipes have a silvery white ap- 
pearance by reflected light ; but if we use transmitted 
light and put on a high power, we discern a wonderful 
structure, which I will desci'ibe in the eloquent lan- 
guage of Professor Eymer Jones, and you shall estimate 
its truth as you examine the object : — 

" Thei'e is one elegant arrangement connected with 
the breathing-tubes of an insect specially worthy of ad- 
rah'ation ; and perhaps in the whole range of animal 
mechanics it would be difficult to point out an example 
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of more excLuisite meclmnism, M'lietlier we consider tlie 
object of the contrivance or the remwlraljlc boanty of 
the EtmctiTre employed. Tlio air-tnbcs tlieraselves are 
necessai-i!y extremely tbm and delicate ; so that on the 
slightest pressure their sides wonld inevitably collapse 
and thus completely put a atop to the passage of air 




throngh them, protlncmg, ot course, tlie speedy suifoca- 
tion of the insect, had not sume means been adoptetl to 
keep them always penneable ; and yet to do so, and at 
the same time to preserve their softness and perfect 
flexibility, might seem a problem not easily solved. 
The plan adopted, however, fully combines both these 
requisites. Between the two thin layers of membrane 
which form the walls of every air-tube, a delicate elastic 
thread (a wire of exquisite tenuity) has been intei^osed, 
which, winding romid and round in close spirals, forme 
by its revolutions a cylindrical pipe of sufficient firm- 
ness to preserve the air-vessels in a permeable condi- 
tion, whilst at the same time it does not at all interfere 
with its flexibility ; this fine coil is contimied through 
every division of the tracJtenB, even to their most minute 
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ramifications, a cliaracter whereby these vessels are 
readily distinguishable when examined under the mi- 
croscope.* 

Man has imitated this exquisite eontnTanee in tlie 
spiral wire spring which lines flexible gas-pipes; but 
his wire does not pass between two coats of membrane. 
One of the most interesting points of the contrivance 
is the way in which the branches are (so to speak) in- 
serted in the trimk, the two wires uniting without leav- 
ing a blank. It is difficnlt to describe how this is 
done ; but by tracmg home one of tl^e ramifications 
you may see that it is performed most accurately, — 
the circumvolutions of the tnmk-wire being crowded 
and bent round above and below the insertion (like tlie 
grain of timber around a knot), and the lowest tui'ns of 
tlie branch-wu-e being snitably dilated to fill up the 
hiatus. 

You must not suppose, however, tliat the ivhole of 
one tube is fonned out of a single wii-e. Just as in a 
piece of h\iman wire-work the structure is made out of 
a certain number of pieces of limited length, and join- 
ings or interlacings occur where new lengths are intro- 
duced, so, strange to say, it seems to be here. It is 
strange, I say, that it should be so, when there can be 
no limit to the resources, either of material, or skill to 
use it ; but so it is, as you may see in tliis specimen, 
wliicKHas been dissected out of tlie body of a silkworm. 
The spiral is much looser here than in the air-tube of 
the fly, the tm'ns of the wire being wider apart ; and 
hence its structure is much more easily traced. Here 
you see in many places the introduction of a new wire, 
! commencing with the most fine-drawn point, 
* Nat. HiBt. of Anim. i. 6. 
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but presently taking its place witli the rest so as to lie 
undistingnishable from them. In some cases cei'tainlj 
(perhaps this may be the explanation of the phenome- 
non, in all) the wire so introdnced may be found to ter- 
minate with the like attenuation before it has made a 
single volution, and seems to be inserted when the per- 
manent eui'vatnre of the pipe would leave the whe-s on 
the outer side of the ctn-ve too far apart, half a turn, or 
even much less, then beiug inserted of supernumerary 

I told you that the air enters these tubes through 
certain " trap-doors." This is not the tenn which the 
physiologist employs, certainly : he calls them spiracles. 
In onr own bodies the air enters only at one spiracle, 
a ctu'iously defended orifice opening just in front of the 
gullet at the back of the mouth. But in the class of 
animals we are now considering there are a good many 
such breathing orifices. You may see them to great 
advantage in any large catei-^jillar, the silkworm for 
example, where all along tlie sides of the pearl-gi-ey 
body you perceive a row of dots, which with a lens 
you discover to be little oval dislis sunken into httle 
pits, of a black hue with a white centre, tln-ough 
which is a very slender slit. There are nine of these 
organs on each side, a pair to each segment or divis- 
ion of tlie body, witli the exception of the first, which 
is the head, and of the third and fourth, which are 
destined to beai' the wings ; these ai'e destitute of spii"- 
acles. 

Essentially, these organs, under whatever modifica- 
tions of form and position they may appear, have the 
same structure. They are narrow orifices, with two 
lips capable of being opened at the will of the animal, 
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oi aei ui iti.l'v dooed , and m minv soft-skinned insects, 
stifli as the silk-woim, and niost larvce, they are set 
m a homy inig, by which meins they are prevented 
fiom collapsing, through the unresisting character 
of the gLneiil integument The opening and shut- 
ting of them I"* performed bj an internal apparatus of 
mii--rlG=( ivhich is 'Sometimes strengthened hy being 
Liti II 1 1 III -[l ite--, -nhich project inwardly. 

Bnt the most curious thing 
lobe noted in the stmctiire 
of these spiracles is the con- 
trivance which induced me to 
call them trap-doors. Small 
as aie their openings, they 
aie still large enough to ad- 
mit many floating particles 
of diist, soot, and other extra- 
neous matters, which would 
tend to clog up the delicate 
air-passages, and to impede 
the right performance of tlieir 
important functions. Hence 
they need to be guarded with 
some sort of sieve, or filter, 
which, while admitting the air, shall exclude tlie dust. 

Various and beautiful are the modes in which this 
common purpose is effected, but I can show you only 
two or three. This is one of the breatliing orifices of 
the common House-fiy, in wMch, as you. see, minute 
processes grow fixim the margin all round, which ex- 
tend pai'tly across the open area, branching and rami- 
fying again and again, and spreading and interlacing 
with those of the opposite side, so as to form a perfect 
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sieve, which the finest atoms of dust cannot pene- 
trate. 

The same end is attained, in anothei' way, in the 
dirty cylindiical grub, which is found so abundantly at 
the roots of gi-ass in pastnre lands, and whieh country 
folk call, from the toughness of its skin, " leather-coat." 
It is the larva of the Crane-fly {Tipvla oleraced), bo 
familiar to us under the soiihriquet of Daddy Long-legs. 
I can easily procure one of these, for, unfortunately, 
tliey are but too ubiqnitous. Here is one, who sliall 
have the honour of being martyred for the benefit 
of science. Before we assassinate him, howerer, just 
look here, at the hinder extremity of his body, where 
thei-e is an area, surrounded and protected by several 
points, and in this area, two black spots. 

With the dissecting-Bcissors I have carefully cut oat 
one of these specks, and now I put it under the Lieber- 
kiibn, for illumination on the stage of the microscope. 
Tbero is, first of all, a dark homy ring of an oval figure, 
a little way within which there is an opaque, dark plate 
of tlie same figure, but smaller, occupying the central 
portion of the area. The space between the.mai'gin of 
tlie plate and the bounding ring is occupied by a series 
of slender filaments, placed aide by side, proceeding 
from one to the other, through the interstices of whicli 
the air is filtered. The centi'al plate seems to be quite 
imperforate. 

The fat, thick-bodied grubs of those beetles called 
chafers, exhibit, in their sjjiiraclcs, a modification of this 
structure, rendered still more elaborate. In the case 
of the larva of the common Cockchafer {Melolontha 
vulgaris), for example, the centi-al plate is a projection 
frotn one side of the margin of the siiiracle— to use a 
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geogviipliical simile, we lany say that, instead of being 

an island in the midst of a lalie, it is a promontoiy. 

f Thus, the breathing space is a 

1 crescent- shaped band, wliich is 

every pai-t by bars 

sing from the margin to the 

I projecting phite. But, as if the 

I interstices left by these bars 

woiild be too coarse for the pur- 

, they are further Bnblimat- 

ed by a membrane, which is 

stretched across them, and 

^ which is perforated with a nmn- 

ber of excessively minute round 

holes, through which alone the air is admitted. 

In many of the two-miiged flies, whiclt inhabit tlie 
watLi m then L^ihu stiges, tliere are some interestmg 
conti-ivances and modiiica- 
tions connected with the or- 
gans of respiration. It is ne- 
cessary that the orifices of 
the air- tubes should be 
brought at inten^als to , tlie 
surface of the water, in or- 
der to eome into contact 
with the exteraal air ; while, 
at the same time, it is im- 
portant that as small a por- 
tion as possible of the ani- 
mal's body be exposed to 
danger, by being protruded from its sheltering element. 
An example in poini you may see in tliis vase. 

Here is a slender wonn, an inch and a half in 
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length, thickest a little tehmd the head, and tapering 
gradually to a lengthened tail, the twelve segments of 
the hody being very conspicuous. It swims up and 
down or to and fro in the clear ■water, with a not 
very rapid, wriggling movement, throwing its body 
alternately from side to side in the form of the let- 
ter S. 

This is the maggot of a handsome dipterous fly, 
sometimes called the Ohameleon-ily {Strationvys chanh- 
(sleon). There is much about it to reward observation 
and careful examination with a low magnifying power, 
especially the head, with its pointed snout, and its pair 
of foot-like palpi. These are situated one on each side 
of the head, are three-jointed, the last joint being 
studded with short stiff spines, and the second having a 
thumb-like projection. With these organs, the gi'ub 
roots and bun-owa among the decaying vegetable mat- 
ter at tJie bottom for its food ; and when not so engaged, 
tliey are often rapidly vibrated in a singular manner, 
the sight of wliich might induce a feeling of fear, as if 
they were threatening weapons of offence, — a pair of 
poisonous stings, for instance ; they have, however, 
no such function, the poor grub being perfectly haiTO- 

Wliat I wish you chiefly to observe, however, is the 
tail, with its euiions organization. "With the naked 
eye, you can perceive that the last joint is much slend- 
erer and more lengthened than the rest, and that it is 
tipped with a beautiful crown of feathers, like the 
diadem of some semi-savage prince. This is best seen 
when the animal comes to the surface, which it always 
does tail uppermost, for as soon as the tip reaches 
the air, the plumes instantly open, and form an ex- 
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quisite cone or funnel, from wliich every drop of 
moisture is excluded, though the water stands around 
at the level of the brim, A few seconds it remains 
motionless thus, the whole body hanging downwards, 
suspended from the caudal coronet, then suddenly the 
tips of the plumes ciuve inward toward each other, 
hiclosjng a globule of air, and the animal wriggles 
away into the depths, carrying its burden, like a pearl, 
or a glittering bubble of quicksilTer, behind it. 

This you may obseiwe with the imassisted eight, 
and you may mai'k, also, how, from time to time, a por- 
tion more or less, of the bubble of gleaming air is in- 
haled or expired by the animal, causing a diminution 
or increase of its volume ; and this of itself would con- 
vince you that it is the spiracles of the animal which 
are thus protected. 

Tlie appHcation of a low magnifying power, say 
froni thirty-five to fifty diameters, for we can hardly 
use a higher magnification than this to the animal while 
alive, will reveal a few more of the details. 

"We see, then, that the extremity of the last segment 
forms a circnlar disk hollowed in the centre, where it is 
perforated with the two orifices of the air-pipes. The 
margin of tliis disk carries about thirty stiff but slender 
spines or bristles, some of which are branched in a 
forked manner. Each bristle beare, on its two opposite 
sides — viz., on those aspects which face the next bristle 
on either hand, — two series of not very close-set branch- 
lets, set like the plumes of a feather, or the pinnse of a 
feiTi-leaf, which give it the elegant plumose appearance 
which the unassisted eye recognises, Tlic bristles have 
a gi'anulose surface near the extremity, and tei-minate in 
fino points, 
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The curious faculty of repelling M'ater, wliicli the 
interior surface of this plumy coronal possesses, is of 
the highest value in the economy of the insect ; for, on 
the one hand, it pennita the breathing oriilees to be 
brought into contract with the air, oven when nearly a 
quarter of an inch below the surface ; and on the other 
hand, it allows the volume of air inclosed witliiu the 
funnel to be perfectly isolated and carried securely 
away, as a i-eservoir for the wants of tlie animal, when 
engaged in its avocations 
Y or pleasure, in 
of its sub- 
; groves. It is re- 
markable that BO complete 
is thisrepellent power, that 
when the tail is at the sur- 
face, the animal may mate 
a very perceptible descent 
witliout hrealting the con- 
tinuity of the au", the sur- 
face presenting the ctu'ioua 
jjhenomenon of a deep fun- 
nel-shaped dimple Ieadm£j 
down to the tail of thu 
animal. 

The chameleon-fly i 
not, however, so abundiufc 
and so imivereally distiil 
uted as that you may il 
ways calculate upon ben ^ 
able to repeat these obbLi 

vations when yoii will. I shall, therefore, show yon an 
analogous example, much more easily obtained. Both 
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arc iobaliitaiits of our fresh watera : the chameleon -grub 
lives in ponds, crawling among the stems of aquatic 
plants, and occasionally visiting tlie sarface in the man- 
ner you have seen ; hut it is precarious — in some sea- 
sons not uncommon, in others, scai^cely to be met with 
by the most persevering search. For my next specimen, 
I have but to go with a basin to the watei'-bntt in the 
yai'd, and take a dip of the surface-water at random ; I 
shall be pretty sure of a score at least. 

Here they are swarming, as I told you. What, 
those things S why, they are gnat^gnibs. Well, don't 
despise them, you will find them worth looting at. I 
dare say you have never submitted them to half-an- 
hour's microscopical examination. I have caught one 
with a spoon, and put it into this naiTOW glass trough 
of water that it may rest conveniently on the stage. 

"We will take a cursory glance at its entire person. 
Here is a flat, roundish head, a great globose, swollen 
thorax, and a long, slender, many-jointed body, ending 
in a curious fork. But all is curious : — the head, with 
its homy transparency ; its pah- of rod-like antennse, 
covered with minute points ; its two black eye-patches ; 
and its jaws, beset with strong, curved hairs, set in 
radiating rows, and, ever and anon, working to and fro 
with the most rapid vibrations : — the thorax, — so trans- 
parent, with its amber-like clearness, tliat you can dis- 
cern the dorsel vessel, which contains tlie blood ever 
dilating and collapsing with the most beautiful regular- 
ity ; and, beneath this, the guUet, through which, now 
and then, descends a dark pellet of food, to join the 
mass already lodged in the stomach farther down, — a 
result, by tlie way, tliat explains that incessant vibra- 
tion and pumping motion of the mouth-organs, which 
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thus evidently are engaged in collecting food from tbe 
■water ; though, even with this power, we can see no 
solid matter taken in, tUl we discern it agglomerated in 
the swallowed pellets : — the body, or abdomen, with its 
ten joints, all (with a slight exception) the counterparts 
of each other ; and each carrying its own dilatation of 
the dorsal vessel, and its own portion of the long and 
well-filled intestinal canal : — all these, I say, ai-e veiy 
interesting and envious to observe ; especially when we 
select, as I have done, a young individual for examina- 
tion ; since the tissues tlien possess a translucency 
which is essential to our seeing with distinctness any- 
thing of the internal organization, hut which soon 
gives place to opacity, as the insect advances in age. 

Tery curious, too, are the haira with which the 
whole surface of the animal is famished at certain de- 
terminate points. But these are seen to more advan- 
tage in an older specimen ; for, in this one of tender 
hours, they are nearly simple ; whereas, in an opaque, 
nearly full-grown individual, every hair is seen to be 
studded with secondary points, that project from its 
surface throughout its length. These hah's are an'anged 
in beautiful radiating peneUs or tufts, and scattered, as 
I have said, at definite points over the whole body ; — 
there is a tuft on each antenna ; one on the forehead ; 
one in front of each eye-spot ; several cu'cles of tliem 
set round the thorax ; one circle of scanty pencils set 
round each segment of the body, and a few smaller 
tufts scattered about besides ; all of them springing 
from minute round warts. 

The extremity of the abdomen deserves, however, a 
separate investigation, and we will now dii'ect our at- 
tention to the tail-end of our tiny gnib. There are ten 
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segments to the abdomen ; at the eighth it seems to 
divide into two branches, one longer than the other. 
This appearance, however, is due to the cireiimstanee 
that the respiratory tube is sent forth from the eighth 
segment, and that the ninth and tenth segments are 
bent away at an angle from the general line of the 
body. 

The ninth segment is very small : the tenth is sq^nar- 
ish, with rounded comers, and is brought to a thin 
edge. Around the margin there is the most exquisite 
ari'ay of hairs possible ; at one comer there are three 
pencils ; ■while round the opposite, and down the cor- 
responding side, run in two rows twelve pencils, set 
very close to each other, and each containing a large 
number of very slender hairs. The extreme end of the 
segment is ornamented with four diverging organs of 
taper conical form and crystalline clearness, through 
the midst of each of which passes a veiy fine branch of 
the air-tube system, which gives oif still more at- 
tenuated branchlets in its course. 

We have not yet, however, examined the origin 
of this air-breathing system. There is but one en- 
trance to the air, or rather two placed close together, 
at the end of that round column, which is sent off from 
the eighth segment of the abdomen. This column, 
which is roughened all over with minute pointe, and 
fringed with rows of hairs, ends in a horny, conical 
point, which seems entire while under water, but no 
sooner does it come to the surface, than it is seen to 
split into five triangular pieces, which open widely, and 
expose a hollow, at the bottom of which are the two 
spiracles. 

From these the two main air-pipes are seen to com- 
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mence and to proceed along the centre of the column, 
thence into the abdomen, which they traverse one 
along each side, sending oif slender branchlets all along, 
and becoming more and more attenuated tliemselves ; 
till, at length, we trace them into the thorax, and tlienco 
through the slender neck into the head itaelf, until they 
terminate in fine points close to the back of the mouth. 
It needs, it is true, a very transparent specimen to fol- 
low the tracheal tube thus through their entire course ; 
but in such it can be done withoiit dii&eulty. And it 
is very instructive to do so, inasmncii as one sxieh per- 
sonal examination of an insect under a good microscope 
will make you far more familiar with the peculiarities 
of its physiology, than the clearest book-descriptions, or 
even the best and most elaborate plates, alone. 

Perhaps you may think I have kept you too long 
over these gnat-grubs, but my reason for being more 
minute in the examination of this creature is, that its 
exti'eme abundance in eveiy place, and tluxiugh the 
greatest pai-t of the year, puts it in the power of every- 
one to procure a specimen alive and healthy, almost 
whenever he chooses, and, therefore, it is peculiarly 
available for microscopic study ; while the transparency 
of its tissues, and its generally simple organization, 
malte it a more than usually suitable object for investi- 
gation : besides which, there are the beautiful and in- 
teresting points in the details of its structiu'e which I 
have been endeavouring to bring before yon. 

!N^ot less interesting and remarkable is the change 
in the position of the spiracles, which talces place as 
soon as this grub arrives at the pupa or chrysalis state. 
'Bie skin of the active, fish-like lai'va splits down the 
back, and out presses an equally active little monster ; 
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■wliicli, if you did not know it, you would never think 
of connecting with the grub from which it has pro- 
ceeded ; so totally different is it in form, in etrueture, 
and in motions. 

"We shall easily find some in our basin that have 
passed into this stage. Yes, here is one, which will 
please to take ith place in the glass trough with its 
younger brothers. How strange the transformation ! 
It reminds us of a lobster, though, of course, the re- 
semblance is only cursory. With the naked eye we 
see that the thorax is greatly enlarged, not only ac- 
tually, but proportionally ; that it forms an oval mass, 
occupying some five-sixths, at least, of the entire ani- 
mal ; the rest apparently being taken up by a slender, 
many-jointed abdomen, which cixi'ves round the great 
thorax, and, bending luider it, ends in an excessively 
delicate, transparent, ewimming-plate. It is this ciu'ving 
abdomen, with its terminal swimmer, and its baek- 
wai'd strokes in swimming, that constitute the resem- 
blance to a prawn or lobster. 

If we now bring a low power with the reflected 
light of the Lieberkuhn to bear on it, we shall see the 
progress the animal has made in this its change of rai- 
ment. The thorax shows on its sides the future wings, 
emmpled and folded down, the neiwures of which we 
can discern distinctly. The elegant little head, too, can 
bo well made out ; its eyes, now perfectly mai'ked with 
the numerous hexagonal facets tliat belong to the ma- 
tured organs of vision in these creatures ; its antennte, 
like slender rods, folded down side by side along the 
inferior edge of the thorax ; the short palpi lying out- 
Bide these ; and within, both the lancets and piercers 
that are destined to subseiwe the blood-sucking propen- 
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sitjes of our saiigEiiiaiy little subject, when it attains 
ita winged condition; — all encased in the transparent 
pupa sliin, that lies like a loose wrapper around every- 
thing. 

The extremity of the abdomen has now nothing to 
do with respiration, and hence it is never brought to 
the surface of the water, as it was constantly before. 
The httle animal stiil habitually lives in contact with 
the air, coming up to it with rapid, impatient jerks, 
whenever it has descended ; but it is invariably the 
summit of the thorax that is uppermost, and when 
the creature rests, it is this part that touches the sur- 
face. 

Why is this ? you ask. Look, and you will see why. 
From the summit of the thorax project two little homa, 
which, under the microscope, are seen to be clear 
tnmipetrshaped tubes with open mouths, cut as it were 
obliquely oif. These enter the thorax close to the 
bases of the wings ; and when we confine the animal in 
a glass cell, exercising a gentle pressure upon the thor- 
ax, we see bubbles of air alternately projected from the 
trumpet mouths of the tubes and sucked in again. 
These, then, are the spiracles, the orifices of the air-tubes, 
where the vital fluid enters the bodj'', and whence it is 
carried to every part of the system, 

Thei'e is something curiously beautiful about the 
structure of these spiracular tubes, of whieh I cannot 
attempt to explain the object. With a high magnifying 
power, their whole exterior surface is seen to be covered 
with regular rounded scales, overlapping each otherj 
and very closely resemblina: those of a fish. 
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CHAPTER VII. 

INSECTS : TIIEIE PEET, 

I nAVE here inclosed a small window-fly in tlie live- 
box of the microscope, tliat you may examine the strac- 
tm'e of its feet as it presses them againat the glass cover ; 
and thus not only get a glimpse of an exquisitely-formed 
structure, but acquire some correct ideas on the ques- 
tion of how a iiy is enabled to defy all the laws of 
physics, and to walk jauntily about on the under sur- 
face of polished bodies, such as glass, without falling, or 
apparently the fear of falling. And a personal examin- 
ation is the more desirable because of the hasty and er- 
roneous notions that have been promulgated on the 
matter, and that are conetantly disseminated by a 
herd of popular compilers, who profess to teach science 
by gathering up and retailing the opinions of others, 
often without the slightest knowledge whether what 
they ave reporting is ti'ue or false. 

The customary explanation has been that given by 
Derham in his " Physico-theology ; " that " divers flies 
and other insects, besides their sharp-hooked nails, have 
also skinny palms to their feet, to enable them to stick 
to glass, and othei- smooth bodies, by means of the pres- 
sure of the atmosphere, after the manner as I have seen 
boys caiTy heavy stones, with only a wet piece of lea- 
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ther clapped on the top of a stoae." Bingley, citing 
tliis opinion, adds that they are able easily to overcome 
the pressure of the air " in warm weather, when tliey 
are brisk and alert ; but towards the end of the year 
this resistance becomes too mighty for their diminished 
strength ; and we see flies labouring along, and lugging 
theii" feet on windows as if they stufik fast to the glass : 
and it is with the utmost difficulty tliey can draw one 
foot after another, and disengage their hollow cups from 
the slippery suifacc." * 

But long ago another solution was proposed : for 
Hooke, one of the earUest of microscopic observers, de- 
scribed the two palms, pattens, or soles (as he calls the 
pul/oUU), as " beset underneath with small bristles or 
tentei^, lilce the wire teeth of a card for worldng wool, 
which, having a contrary direction to the claws, and 
both pulling different ways, if there be any irregularity 
or yielding in the surface of a body, enable the fly to 
suspend itself very firmly." He supposed that the 
most perfectly polished glass presented snch iiTegnlar- 
ities, and that it was moreover always covered with a 
" smoky tarnish," into which the hairs of the foot pene- 
trated. 

The " smoky tamish" is altogetlier gratuitous ; and 
Mr, Blackwall has exploded the idea of atmospheric 
pressure, for he found that flies could walk up the in- 
terior of the exhausted receiver of an air-pump. Ho 
had explained their ability to climb up vertical polished 
bodies by the mechanical action of the minute hairs of 
the inferior surface of the palms ; but further experi- 
ments having showed bim that flies cannot walk up 
glass which is made moist by breathing on it, or which 
* Anim. Biogr. 
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is thinly coated with oil or fl.our, he was led to the con- 
clusion that these hairs are in fact tubular, and excrete 
a viscid fluid, by means of which they adhere to dry 
polished surfaces ; and on close inspection with an ade- 
quate magnifying power, he was always able to dis- 
cover traces of this adhesive material on the track on 
glass both of flies £ind various otlier insects fiimished 
-withpulmlU, and of those spidei-s which po^ess a sim- 
ilar faculty.* 

In the earlier editions of Kirby and Spence's " In- 
troduction to Entomology," Mr. idrby had adopted the 
suctorial hypotliesis. But in a late one he made an al- 
lusion to Mr. Blackwall's opinion, and added the follow- 
ing interesting note : — 

" On repeating Mr. Blackwall's experiments, I 
found, just as he states, that when a pane of glass of a 
window was slightly moistened by breathing on it, or 
dusted with flour, blnebottle-flies, the common house- 
flies, and the common bee-fly {Eristalia tenax) all 
slipped down again the instant they attempted to walk 
up these portions of the glass ; and I moi'cover remarked 
that each time after thus slipping down, they immedi- 
ately be ganto nib first the two fore tarsi, and then the 
two hind tarsi, together, as flies are so often seen to do, 
and continued this operation for some moments before 
they attempted again to walk. This last fact struck me 
very forcibly, as appearing to give an importance to 
tliese habitual procedures of flies that has not hitherto, 
as far as I am aware, been attached to them. These 
movements I had always regarded as meant to remove 
any particle of dust from the legs, but simply as an 
affair of instinctive cleanliness, like that of the cat when 
* Lirm. Trans, ni. 4B0, 768. 
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sbo licks herself, and net as serving any more important 
otject; and such entomological friends as I have had 
an oppoi"tunity of consulting tell me that their view of 
the matter was precisely the same ; nor does Mv. Black- 
wall appear to have seen it in a different light, since, 
though so strongly beaxing on his explanation of the 
way in which flies mount smooth vertical surfaces, he 
never at all refers to it. Yet, from the absolute neces- 
sity which the flies on which I experimented appeared 
to feel of cleaning their puMlU immediately after being 
wetted or clogged with flour, however 'freq^uently this 
occurred, there certainly seems ground for supposing 
that their usual and frequent operation for effecting this 
by rubbing their tai-si together is by no means one of 
mere cleanUnesa or amusement, but a very important 
part of then' economy, essentially necessary, for keeping 
their pidmUi in a fit state for chmbing np smooth ver- 
tical substances by constantly removing from them all 
moisture, and still more all dust, which they are per- 
petually liable to collect. In this operation the two fore 
and two hind tarsi are respectively nibbed together for 
then' whole length, whence it m,ight be infen-ed that 
the intention is to remove imparities from the entire 
tarsi ; but this I am persuaded is not usually the ob- 
ject, which is simply that of cleaning the xmder side of 
th.6puh>UU by rubbing them backward and forward 
along the whole surface of the hairs with, which the tarsi 
are clothed, and which eeem intended to serve as a 
brush for this particular purpose. Sometimes, indeed, 
when the hairs of tiie tarsi are filled with dust throtigh- 
out, the operation of rubbing them together is intended 
to cleanse these hairs ; because, without these brushes 
were themselves clean, they could not act iipon the 
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hairs of the under side of ^haful'villi. Of this I wit- 
nessed an interesting instance in an ErisiMis tenax, 
■which by waiting on a surface dusted with flonr had 
the haire of the whole length of the tarsi, as well as the 
pidvilH, thus clogged with it. After slipping down 
from the painted surface of the window-frarae, which 
she in vain attempted to cJimh, she seemed sensible 
that before the puwUU could be bnished it was requi- 
site that the brushes themselTes should be clean, and 
full two minutes were employed to make them so by 
stretching out lier trunk, and passing them repeatedly 
along its sides, apparently for the sake of moistening 
tlie floiu' and causuig its grains to adhere ; for after this 
operation, on rubbing her tarsi together, -wliich she 
next proceeded to do, I saw distinct httle pellets of flour 
fall down. A process almost exactly similar I liave 
always seen nsed by bluebottle-flies and common house- 
flies which had their tarsi clogged with flour "bj walk- 
ing over it, or by having it dusted over them ; but 
these manceuvres are required for an especial purpose, 
and on ordiuaiy occasions, as before observed, the ob- 
ject in rubbing the tarsi togetlier is not to clean them, 
but the puhUU, for which they serve as brushes. Be- 
sides rubbing the tarsi together, flies ai-e often seen, 
while thus employed, to pass the two fore tai-si and 
tibiae with sudden jerks over the back of the head and 
eyes, and the two hind tai-si and tibise over and under 
the wings, and especially over their outer margins, and 
occasionally also over the back of the abdomen. Tliat 
one object of these operations is often to clean tliese 
parts from dust, I have no doubt, as on powdering the 
flies with flour they thus employ tliemselves, sometimes 
for ton minute, in detaching every part of it from 
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tlieir eyes, wings, and abdomen ; Ijiit I am also inclined 
to believe that, in general, when tbis passing of the legs 
over the back of the head and outer margin of tlie 
■wings takes place in connexion with the ordinary rub- 
bing of the tarsi together, as it usually does, that the 
object is rather for the purpose of completing the entire 
cleansing of the tarsal brashes (for which the row of 
strong hairs visible nnder a lena on the exterior margin 
of the wings eeema well adapted), so that they may 
act more perfectly on the pulvilU. Here, too, it 
should be noticed, in proof of the importance of all the 
piilvUU being kept clean, that as the tarsi of the two 
middle legs cannot be applied to each other, flies are 
constantly in the habit of rubbing one of these tarsi and 
iiiipulmlli, sometimes between the two fore tarsi, and 
at other times between the two hind ones 

" Though the above observations, hastily made on 
the spur of the occasion since beginning this note, seem 
to prove that it is necessary the pulvUli of flies and of 
some othei' insects should be kept free from moisture 
and dust to enable them to ascend -vertical poUshed 
surfaces, they cannot be considered as wholly settling 
the question as to the precise way in which these ^^ 
mlli, and those of insects generally, act in affecting a 
similar mode of progression ; and my main reason for 
here giving these slight hints is the hope of directing 
the attention of entomological and microscopical ob- 
eervei^ to a field evidently, as yet, so impejfectly ex- 
plored, 

" After writing the above, intended as the conclu- 
sion of this note, I witnessed to-day (July 11, 1843), a 
fact which I cannot forbear adding to it. Observing a 
house-fly on the window, whose motions seemed veiy 
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strange, I approached it, and found that it was making 
violent contortions, as though eveiy leg were affected 
■with St. Vitus' dance, in order to pull its pulvUli from 
tlie surface of the glass, to wbieli they adhered bo 
strongly that though it could drag them a little way, 
or Bometimes by a violent effort get first one and then 
another detached, yet the moment they were placed on 
the glass again, they adhered as if their under side 
were smeared with hird-lime. Once it succeeded in 
dragging off its two fore legs, when it immediately 
began to rob the pidvilU against the tarsal brushes; 
but on replacing them on the glass tliey adhered as 
closely as before, and it was only by efforts almost con- 
vulsive, and which seemed to threaten to pull oif its 
limbs from its body, that it could succeed in moving a 
quarter of an inch at a time. After watching it with 
much interest for five jniuutes, it at last by its con- 
tinued exei'tioES got its feet released and flew away, 
and ahghted on a curtain, on which it walked quite 
brfetly, but soon again flew back to the window, where 
it had precisely the same difficulty in pulling its^^ 
vim from the glass as before ; but after observing it 
some time, and at last trying to catch it, that I might 
examine its feet with a lens, it seemed by a vigorous 
effort to regain its powere, and ran quite actively on 
the glass, and tlien flying away I lost sight of it. I am 
unable to give any satisfactory solution of this singular 
fact. The season, and the fly's final activity, preclude 
tlie idea of its arising from cold or debility, to which 
Mi: White attributes the dragging of flies' legs at the 
close of autumn. The puloUU certainly had much 
more the appearance of adhering to the glass by a vis- 
cid material than by any pressure of the atmosphere. 
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and it is so far in faTonr of Mr. Blaekwall'a hypothesis, 
on which one might conjecture that from some cause 
(perhaps of disease) the hairs of the ptthiUi had poured 
out a greater quantity of this viscid mateiial than usual, 
and more than the niuBcular strength of the fly was 
able to cope ^?ith."* 

In tlie foot of tlie fiy under our own observation you 
may see how well the joints of the tarsus are covered 
with hairs, or rather' stiff pointed spines, of vaiious 
dimensions and distances apart, and hence how suitable 
these are for acting the pai-t of combs to cleanse tl;e 
palms. But these last ai'e the organs that most claim 
and deserve our examination. In the specimen of the 
Kttle Musca tliat I have imprisoned, the last tai-sal 
joint is terminated by two strong divergent hooks 
which are themselves well clothed with spines, and by 
two membranous flaps or palms beneath them. These 
are nearly oval in outline, though in some species they 
are nearly squaj-e, or triangular, and in some of a very 
irregulai' sliape. They are thin, membranous, and 
transpai-ent, and when a strong light is reflected tlirough 
them by means of the achromatic condenser, we see 
theu- stnicture under this power of 600 diameters verj' 
distinctly. 

The inferior surface of the palra, on which we are 
now looking, is divided into a vast number of lozenge- 
ahaped areas, which appear to be scales overlapping 
each other, or they may be divided merely by depressed 
lines. IVom the centre of each area proceeds a very 
slender, soft, and flexible pellucid filament, which 
reaches downwards to the surface on which the fly is 
walking, and is there slightly hooked and. enlarged into 
' latr. to Bntom,, 7th Ed., p. 463. 
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a, minute fiesliy bulb, Tliose from the areas near and 
at the margins of the palms more and more arcli ont- 
ivards, so that the space covered by tlio bulbs of tlic 
filaments is considerably greater than that of the 
palm itself, 

Now it is evident that the bulbous extremities of 
these soft filaments are the organs of adhesion. AVe 
notice how they drag and hold, as the fiy di-aws its foot 
from its place, and it seems almost certain that the ad- 
hesion is effected by means of a glutinous secretion 
ponred ont in minute quantities from these fleshy tips, 
"Wlien the foot is suddenly removed, we may often see 
a number of tiny particles of fluid left on the glass -where 
the filaments had been h} con- 
tact with it: but I do not 
1 build conclnsively on this ap- 

peni^ance, because the fly, 
liaving been confined for 
some quai'ter of an hour in 
this nearly tight glass cell, 
has doubtless exhaled some 
jnoisture, which has condens- 
ed on the glass ; and the epecks 
we see may possibly be due 
L>i^ i fo the filaments of the palms 

having become wetbyrepeat- 
edly brushing tlie moist sur- 
face. Mr. Hepivortli, Jiow- 
' >"■ ■ I' "TDw ever, asserts that a fluid is 

poured o\it from these fila- 
ments, and is deposited on 
the glass, when the flyis vigorous, with great regulanty. 
lie says that "when in a partially dormant state, the 
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insect does not appear to be able to give out this secre- 
tion, tboiigb it can still atfacb itself: indeed, this fluid 
is not essential for that piij'pose,"* It ie asserted that 
the speckled pattern of fluid left on the glass by the fly's 
footsteps remains (if breathed on) when the moisture is 
evaporated ; and hence it is presumed to be of an oily 
nature. 

In some Beetles the joints of the foot ai'e furnished 
with similar appendages. I shall now show you the 
fore-foot of a well-known insect, called by children the 
Bloody-nose Beetle {Tiinarcha tenebricosa), a heavy- 
bodied fellow, of a blue-black colour, abundant in 
spi-ing and summer on hedge-banks. Ton hare doiibt- 
less often observed it, and have been amused, perhaps, 
at seeing the drop of clear scarlet fluid which exudes 
from its moutli when touched. 

The feet in this species are broad and well devel- 
oped. Tou may see with the naked eye, on turning 
it up, tliat its dilated joints are covered on the under 
surface with a velvety cushion of a rusty-brown colour ; 
and here, under a low power of the microscope witli 
the Lieberkuhn, yon can resolve the nature of the 
velvet. 

The foot, or tarsus as it is technically called, is com- 
posed of four very distinct pieces ; of which the first is 
semicircular, the second crescent-shaped, the third 
heart-shaped, and the fourth nearly ovai. The last is 
rounded on all sides, has no cushioned sole, and carries 
two stout hooks. Tlie first three are fiat or even, hol- 
lowed beneath into soles, something like the hoof of a 
horse, and the "whole interior bristles with close-set 
minute points, the tips of which tenninate at the same 
* Microso. Journal, for April, 18B4. 
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level and form a velvety eurface. K'ow these points ai-o 
tlie ■whitish hulbous extremities exactly aiiswerable to 
tlioEG of the palms of the fly, and doubtless they answer 
tlie very same purpose. Only here they are set in far 
closer array and are a hundred times more naimeroiis ; 
■whence we may reasonably presume a higher po^wer of 
adhesion to he possessed \)j the beetle. Tlie stiiicture 
is best seen in the male, ■which may be distinguished 
by its smaller dimensions, and by its broader feet. 

A still better example of a sucking foot is this of the 




Dyiioua marginaXis. It is the gi'cat ilat oval beetle, 
which is fond of coming up to the eni-face of ponds, and 
hanging there by the tail ■with its pair of hind legs 
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Btuck out on each side at right angles ; the redonht- 
able monster which little boys who bathe hold in such 
salutary awe under the name of Toe-hitei'. We have 
tui'ned the tables upon the ■warrior, and have bitten his 
toe — off, and here it is. This is the tai-stis of one of the 
fore limbs. 

The peculiarity that first strikes ns is that the first 
three joints are as it were fused into one, and dilated so 
as to make a large roundish plate. The under surface 
of tliis broad plate is covered with a remarkable an-ay 
of sucking disks, of which one is veiy large, occupying 
about a fomih part of the whole area. It is circular, 
and its face is strongly marked with numerous fibres 
radiating fi'om the centre. Kear this you perceive two 
others of similar form and structure, but not more than 
one tenth part of its size ; one of these, moreover, is 
smaller than the other. Indeed, the size and number 
of these organs difter in difi^erent individuals of tlie 
same species. 

The gi-eater number of the suckei-s ai-e comparatively 
minute ; but they ai-e proportionally multitudinous and 
crowded. Each consists of a club-shaped shaft, with a 
circular disk of radiating fibres attached to its end. 
The whole appai-atus constitutes a very efi'eetive instru- 
ment of adhesion. 

There is a somewhat similar dilatation of the first 
joints of the tarsus, bxit for a very different object, m 
the Honey-bee ; and it is particularly worthy to foe ob- 
served, not only for the interesting part which it plays 
in the economy of the insect, but for the example it af- 
fords us of the adaptation of one and the same organ to 
widely difi'erent uses, by a slight modification of its 
Btracture. 
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It is the hind foot of the Bee that we ai^e now to ex- 
amine. The first joint is, as you see, enlarged into a 
wide, long, and somewhat ovate foi-m, constituting a 
flattzsli plat-e, slightly convex on both surfaces. Tlie 
upper face presents nothing remarliable, but the under 
side is set with about nine stiff combs, the teeth of 
wliich are homy sti'aight spines, set in close array, and 
arranged in transverse rows across the joint, nearly on 
a level with its plane, hut a little projecting, and so 
ordered that the tips of one comb sUghtly overlap the 
bases of the next. We see them in this example very 
distinct, because their colour, a clear reddish-brown, 
contrastfl with a multitude of tiny globules of a pale 
yellow hue, like minute eggs, which are entangled in 
the combs. 

Wow these globules serve to illustrate the object of 
this apparatus. They are gi-ains of pollen ; the dust 
that is discharged from the anthei-s of flowers, whicli 
being Icneaded up with honey forms tlie food of the in- 
fant bees, and is, therefore, collected with great pei-se- 
verance by those industrious insects ; and the way in 
which they collect it is, by raking or combing it from 
the anthers, by means of these effective instruments on 
their hind feet. 

You see that in this specimen the combs are loaded 
with the gi'ains, which lie thickly in the fuiTows be- 
tween one comb and another. But how do they dis- 
charge their gatherings ? Do they i-etura to the hive, 
as soon as they have accumulated a quantity such as 
this, which one would suppose they could gather in 
two or three scrapes of the foot ? Ko ; they carry a 
pair of panniers, or collecting baskets, which they grad- 
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ually fill fi'om the combs, and then return to deposit 
tlie results of their collecting. 

One of these haskets I can show you ; and, indeed, 
we should be unpardonable to overlook it, for it is the 
companion structure to the former. I make the stage 
forceps to revolve on it axis, and thxis bring into 
foens the joint {tibia) immediately above that of the 
combsj and so that we shall look at its opposite sur- 
face ; that IS, the outei-. "VVe notice at once two or 
three peculiarities, which distinguish the joint in this 
instance from other parts of the same limb, and from 
the corresponding part in the same limb of other insects, 

ITirst, the surface is decidedly concave, whereas it is 
ordinai-ily convex. Secondly, this concave surface is 
smooth and polished (except tliat it is covered with a 
minute network of crossed lines), not a single hair, 
even tlie most minute, can be disceroed in any part ; 
whereas the corresponding surface of the next joints, 
both above and below, is stndded with fine hairs, as is 
the exterior of insects generally. Tliirdly, the edges 
of this hollowed basin are beset witli long, slender, 
acute spines, which pursue the same cui-ve as the 
bottom and sides, expanding widely, and arching up- 
ward. 

Here, then, we have a capital collecting-basket. 
Its concavity of course fits it to contain the pollen. 
Then its freedom from hairs is important ; hairs would 
be out of place in the concavity. Thirdly, the mar- 
ginal spines greatly increase the capacity of the vessel 
to receive the load, on the principle of the sloping 
stakes which the farmer plants along the sides of his 
waggon when he is going to carry a load of hay or 
com. 
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Bnt, yOTL ask, how can the Bee manage to transfer 
the pollen from the combe to the basket ? Can she bend 
tip the tareiis to the tibia ? or, if she can, sm-ely she 
could only reach the inner, not the onter sui-face of the 
latter. How is this managed! 

A veiy shrewd question. Truth to say, the basket 
you have been looking at never received a single grain 
from the eombs of the joint below it. But the Bee has 
apair of baskets and apair of comb-joints. It ia the 
right set of combs that fills the lefi basket, and vice 
versd. She cart easily cross her hind-legs, and thus 
bring the tarsus of one into contact with the tibia of the 
other ; and if you will pay a moment's more attention 
to the matter, you will discover some further points 
of interest in this beautiful series of contrivances still. 
If you look at this living bee, you notice that, from the 
position of the joints, when tlie insect would bring one 
liind-foot across to the other, tlie under surface of the 
tai'sus would naturally scrape the edge of the opposite 
tibia in a direction from the bas^ of the combs to- 
wards their tips ; and, further, that the edge of the tibia 
so scraped would be the kmder edge, as the leg is or- 
dinarily carried in the act of walking. 

]^ow, if you take another glance at the basket-joint 
in the forceps of the microscope, you will see — what, 
perhaps, you have already noticed — that the marginal 
spines have not exactly the same curvature on the two 
opposite edges, but that those of the one edge are nearly 
sti'aight, or at most but slightly bowed, whereas those 
of the opposite edge are strongly curved, the arc in 
many of them reacliirig even to a semicircle, so that tlieir 
points, after perfoi-ming the outward arch, return to a 
position perpendicularly over the medial line of the 
basket. 
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It is the out&i' or hinder edge of the joint that carries 
the com^iraUvel/y straight spines. These receive the 
gi'aiiis from the combs, which, then falling into the 
basket, are received into the wide concavity foraied 
partly by its bottom and sides, but principally ly the 
m'chmg spines of the opposite edge. Their cuiwing form 
would have been less suitable than the straighter one 
to pass through the interstices of the combs, because it 
would be much more difficult to get at their points ; 
while, oir the other hand, the sti'aight lines of these 
would have been far less effective as a receiver for the 
burden. The tliichness of the spines is just that which 
enables them to pass freely through the interstices of 
the comb-teeth, and no more. 

On the whole, this combination of contrivances reads 
us as instructive a lesson of the wisdom of God dis- 
played in creation as any tliat we have had brought 
under our obseiwation, 

Tlie end to be attained by all this apparatus is 
worthy of the wondrous skill displayed in its coutri- 
vance ; for it is connected with the feeding of the stock, 
and whatever diminishes the labour of the individiial 
bees enables a larger number to he supported. But 
valuable as is tlie Honey-bee to man, there are other 
important purposes to be accomplished, which ai'e more 
or less dependent, collaterally, on this series of. contri- 
vances. 

" In many instances it is only by the bees travcUing 
from flower to flower that the pollen and farina is car- 
ried from the male to the female flowers, without 
which they could not fructify. One species of bee 
would not be sufficient to fructify all the vai'ious sorts 
of flowers, were ihe beea of that species ever so numer- 
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ouB ; for it requires species of different sizes and differ- 
ent constructions. M.. Sprengel found that not only 
are insects indispensable in fructifying diffei'ent species 
of Iris, but some of them, as I. XipMum, require the 
agency of the larger humble-bees, which alone are 
strong enough to force their way beneath the style-flag ; 
and hence, as these insects are not so common as many 
others, this Trie is often barren, or bears imperfect 

The legs and feet of Caterpillai'B ai'e constructed on 
a very diiferent plan from those of pei-fect insects, as 
yon may see in this living Silkworm, The first tln-ee 
segments of the body, reckoning from the head, are 
fnmiBhed each with a pair of short curved Ihnbs set 
close together on the under side. These represent the 
tiTie legs of the ftiture moth, and show, notwitliatanding 
their shortness, four distinct joints, of which the last is 
a httle pointed homy claw. The whole limb resembles 
a short stout hook. The two segments occur which are 
quite smooth beneath, and destitute of limbs ; and then 
on the sixth we begin to find anothei' series, which goes 
on regularly, a pair on each segment, to the eleventh 
and final one, with the single exception of the tenth 
segment, which is again deprived of limbs. 

But these organs are of a Tery peculiar character. 
They have no representatives in the mature insect, but 
disappear with the larva state, and they are not con- 
sidered limbs-proper at all, hut mere accessory develop- 
ments of the skin to serve a special pni-pose. They are 
sometimes called claspers, sometimes false-legs, but 
more commonly pro-legs. 

Each consists of a fleshy wart, which is capable to 
* Pennj Cyclop., wt. Bee. 
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some extent of "being tm-ned inside out, like tlie finger 
of a glove. Pai'tly ai'onnd the blunt and ti'uncate ex- 
tremity are set two rows of minute hooks, occnpying the 
side next the middle line of the caterpillar in a semi- 
cu'cle along the margin. These hooks arch outward as 
regards the axis of the pro-leg, though the majority of 
them point towards the medial line of the hody. The 
donble row is somewhat interrupted at its middle point ; 
and just there, in each pro-leg, a cleai- vesicle or fleshy 
bladder protnides from the sole, which may perhaps 
serve as a veiy deUeate organ of touch, or may exude a 
viscid secretion helpful to progress on smooth bodies. 
The hooks seem adapted to catch and hold the iine 
threads of silk, which most caterpillars spin as a carjiet 
for then- steps. 

In some cases the circle of hooks is complete, as in 
this example, which I find in one of the slides of my 
drawer, marked " Pro-leg of a Catei-pillar." It is some 
large species, prabably a Sphinx, for the hooks ai-e 
very large, of a clear orange-brown hue, and set in a 
long oval ring— single as to their bases, but double 
as tb their points — completely around the extremity 
of the foot. These hooks are simply cutaneous, as 
may be well seen in this prepared specimen, — doubt- 
less mounted in Canada balsam ; — for their oi-igins are 
mei'e blunt points, set most superficially in the thin skin 
without any enlargement or apparent bulb. 
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OHAETEK YIII. 

INSECTS : STINGS AND OVIPOSITOES. 

Feobably at some period of your life you have been 
etimg by a bee or wasp, I shall take it for gi'aiited 
that you have, and that having tested the potency of 
these warlike insects' ■weapons with one sense, you have 
a curiosity to examine them with another. The micro- 
scope shall aid your vision to investigate tlie morbitic 
implement. 

This is the sting of the Honey-bee, which I have 
but this moment extracted. It consists of a dark brown 
horny sheath, bulbous at the base, but suddenly dimin- 
ishing, and then tapering to a iine point. This sheath 
is split entirely along the inferior edge, and by pressure 
with a needle I have been enabled to project tlie two 
lancets, which commonly lie within the sheath. These 
are two slender filaments of the like brown horny sub- 
stance, of which the centre is tubular, and carries a 
fluid, in which bubbles are visible. The extremity of 
each displays a beautiful mechanism, for it is thinned 
away into two thin blade-edges, of which one remains 
keen and knife-like, while the opposite edge is cut into 
several saw-teeth pointing backwards. 

The lancets do not appear to be united ■witli tlie 
sheath in any part, but simply to lie in its groove ; their 
basal portions pass out into tlie body behind the sheath, 
where you see a number of muscle-bands crowded 
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around tliem : these, acting in Tarioiis directions, and 
being inserted into the lancets at various points, exercise 
a complete control over their movements, projecting or 
reti-acting ihem at their will. Bnt eacli lancet has a 
fiingular projection from its Taacb, -which appears to act 
in some way as a guide to its motion, probably prevent- 
ing it from slipping aside when darted forth, for the 
bulbous part of the sheath, in which these projections 
work,. seems formed expressly to receive them. 

Thns we see an appai-atua beautifully contrived to 
enter the flesh of an enemy : tlie two speaiB finely point- 
ed, sharp-edged, and saw-toothed, adapted for piercing, 
cutting, and tearing ; the reveraed direction of the teeth 
gives the weapon a hold in the flesh, and prevents it 
from being readily drawn out. Here is an elaborate 
store of power for the jactation of tlie javelins, in tlie 
numerous muscle-bands ; hero is a provision made for 
the precision of the impulse ; and finally, here ia a pol- 
ished sheath for tlie reception of the weapons and tlieir 
preservation when not in actual use. All this is per- 
fect ; but something still was wanting to render the 
weapons effective, and that something your experience 
has proved to be supplied. 

The mere inti'omission of these points, incompai-ably 
finer and shai-per than the finest needle that was ever 
polished in a Sheffield workshop, would produce no re- 
sult appreciable to our feelings ; and most surely would 
not be followed by the distressing agony attendant on 
the sting of a bee. We must look for something more 
than -we have seen. 

We need not be long in finding it. For here, at the 
base of the sheath, into which it enters by a narrow 
neck, lies a transparent pear-shaped bag, its sui-face 



Hooted by Google 



tween 
made. 



3(1 all over, but especially towards the neck, with 
^UufK -iPt transversely. It is rouncied hehiiid, 
where it is entered by a 
very long and slendermem- 
branous tube, which, after 
many tnme and wdndings, 
gradually tliickening and 
becoming more evidently 
glandulai', terminates in a 
blind end. 

This is the apparatus for 
preparing and ejecting a 
powerful poison. Theglaii- 
dnlai" end of the slender 
tube is the secreting organ : 
here the venom is pre- 
pared ; the remainder of 
the tube is a duct for con- 
veying it to the bag, a re- 
servoir in which it is stored 
for tlie moment of use. By 
means of the neck it is 
thrown into the groove at 
the moment the sting is 
]>rojected, the same mus- 
cles, probably, that dart 
fonvard tlie weapon com- 
pressing the poison-bag and 
causing it to pour fortli its 
contents into the groove, 
p'utLniiMt,iiiore8uiiii'eea. "whence it passes on be- 
the two spears into the wound which they have 
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A modification, of tliis apparatus is found thi'ough- 
out a very extensive order of insects, — tlie Hynienop- 
tera; but in tlie majority of cases ifc is not connected 
witli purposes of warfare. Wlierever it occurs it is al- 
ways contined to the fevoale sex, or (as in tlie case of 
some social insects) to the neuters, which are undevel- 
oped females. When it is not accompanied by a poison- 
reservoir it is ancillary to the deposition of the eg'gs, 
and is hence called an ovipositor, though in many cases 
it performs a part much more extensive than the mere 
placing of the ova. 

In the large tribe of Ouckoo-flies {Ic/ineumonid(B), 
which spend their egg and larva states in the living 
bodies of other insects, tliis ovipositor is often of great 
length ; even many times longer than tlie rest of their 
todies ; for the larvte which have to be pierced by it 
require to be reached at the bottom of deep holes and 
other recesses in which the providence of the parent 
had placed them for security. The stnicture of tlie or- 
gan may be seen in tliis little species, not more than 
one-sixth of an inch in entire length, of whicli the ovi- 
positor projects about a line. Under the microscope 
you see that this projection consists of two black fleshy 
filaments, rounded without and flattened on their inner 
faces, which are placed together,^ — and of the true im- 
plement for boring, in tlie form of a perfectly straight 
awl, of a clear amber line, very slender and bi'ought to 
an abrupt oblique point, where there are a few exceed- 
ingly fine reverted teeth. It is probably double, tliongh 
it refuses to open under tlic pressure which I bring to 
bear upon it. At the base are seen within the semi- 
pellncid abdomen the slender horns, on wiiich the mus- 
cles act in projecting the borer. 
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Ton are doubtless aware tliat the little berries which 
look like bunches of green ciu'rants often seen growing 
on the oak, are not tho proper fruit of the ti-ee, but dis- 
eased developments produced by a tiny insect, for tho 
protection and support of her young. !But perfiaps you 
have never paid any special attention to tiie living atom 
whose workmanship tliey ai'e, and ai'e not familiar witli 
the singular mechanism by which she works, I have 
not had an opportunity of seeing it myself, and there- 
fore cannot show it to yon ; but as Gall-flies are by no 
means rare, and you may easily rear a brood of flies 
from the galls, yon may have a chance of meeting with 
it. I will therefore quote to you wliat Eennie says 
about it. 

"There can be no doubt, that tho mother gall-fly 
makes a hole in tlie plant for tlie purpose of depositing 
her eggs. She is furnished with an admirable oviposi- 
tor for that express pui-pose, and Swammerdam actually 
saw a gall-fly thus depositing her eggs, and wo have 
recently witnessed tho same in several instances. In 




some of these msects the ovipositor is conspiciiously 
long, even when the insect is at rest ; but in otliei-s, not 
above a line or two of it is visible, till the belly of the 
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insect be gently pressed. "Wlieu this is done to the fly 
that produces the currant-gall of the oak, the ovipositor 
may be seen issuing from a sheatli in form of a small 
curved needle, of a chesnut-hrowii colour, and of a 
horny substance, and three times as long aa it atfiret 
appeared. 

" What is most remarkable in this ovipositor is, 
that it is much longer than the whole body of the in- 
sect, in whose belly it is lodged in a sheath, and, from 
its homy nature, it cannot be eitJier shortened or length- 
ened. It is on this account that it is bent into the same 
curve as the body of the insect. The mechanism by 
which this is effected is similar to that of the tongue of 
the woodpeckers {Pidd<^, which, though rather short, 
can be darted out far beyond the beak by means 
of a forked bone at the root of the tongne, which is tliin 
and rolled up like the spring of a watch. The base 
of the ovipositor of the gall-fly is, in a similar way, 
placed near the anus, runs along the curvature of the 
back, makes a turn at the breast, and then, following 
the cui-ve of the belly, appears again near where it 
originates. 

" With this instrument the mother gall-fly pierces 
the part of a plant which she selects, and, according to 
our older naturalists, ' ejects into the cavity a drop of 
her corroding liquor, and immediately lays an egg or 
more there ; the circulation of the sap being thus inter- 
rupted, and thrown, by the poison, into a fermentation 
that bums the contiguous parts and changes the na^ 
tural colour. The sap, turned from its proper channel, 
extravasatcs and tlows round the eggs, while its surface 
is dried by the external air, and hardens into a vaulted 
form.' Kirby and Spenee tell us, that the parent-fly 
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introduces her egg ' into a pnneture made by her vi- 
rions spiral sting, and in a few liours it becomes sur- 
rounded with a fleshy chamber, II. Yirey says, the 
gall-tubercle is produced by irritation, in the eame way 
as ati inflamed tumour in an animal body, by the swell- 
ing of the cellular tissue, and the flow of liqiiid matter, 
which changes the organization, and altera the natural 
external form." * 

Perhaps a still more charming example of animal 
mecbardcs is that furnished to \i6 by the Saw-flies {Tea- 
thredimidm). These are very common four-winged 
insects of rather small size, many species of which are 
found in gardens and along hedges, in summer, pro- 
duced from giTibs which are often mistalien for true 
caterpillars, as tliey strip our gooseberry and rose 
bushes of their leaves ; but may be distinguished from 
them by the number of their pro-legs, and by their sin- 
gular postures ; for they possess from eight to four- 
teen pairs of the former organs, and have the habit 
of coiling up the hinder part of their body in a spiral 
ring, while tliey hang on to tlie leaf by tlieir six trae 
feet. 

These saw-fiy caterpillars are produced from eggs 
which are deposited in grooves, made by the parent-fly 
in the bark of the tree or shrub whose future leaves 
are destined to constitute their food ; and it is for the 
construction of these gi'ooves and the deposition of the 
eggs in them, that the curious mechanism is contrived 
which I am now bringing under your notice. 

Almost all our acquaintance with this instrument 
and the manner of its employment, we owe to the em- 
inent Trench naturalist E^aumur, and to his Italian 
* Ins. Ardi. Zll. 
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contemporaiy Yalianieri. Tlieir details I shall first cite, 
as tliey have been put into an English dress by Eennie, 
and then show you a specimen dissected out by myself, 
and point out some agreements and some diserepanciea 
between it and tliera. 

" In order to see tlie ovipositor, a female saw-fly 
must be taken, and her belly -gently pressed, when a 
narrow slit will be obseiTed to open at some distance 
from the anus, and a short, pointed, and somewhat 
cuiTed body, of a brown coloiir and horny substance, 
wiU be protruded. ■ Tlie curved plates which form tlio 
sides of the slit, are the termination of the sheath, in 
which the instrument lies concealed til! it is wanted by 
the insect. 

" The instrument thus brought into view, is a very 
finely contrived saw, made of horn, and adapted for 
penetrating branches and other parts of plants where 
the eggs are to be deposited. The ovipositor-saw of 
the insect is much more comphcated than any of those 
employed by our carpenters. The teeth of onr saws 
are formed in a lino, but in such a manner as to cut in 
two hnca parallel to and at a small distance from each 
other. This is effected by slightly bending the points 
of the alteraate teeth right and left, so that one h^f of 
the whole teeth stand a little to the right, and the other 
half a little to the left. The distance of the two parallel 
lines thus formed is called the course of the saw, and it 
is only the portion of wood which lies in the course 
that is cut into sawdust by the action of the instru- 
ment. It will follow, that in proportion to the thin- 
ness of a saw there will be the less destruction of wood 
which may be sawed. "When cabinetrmakers have to 
divide valuable wood into very thin leaves, they aa- 
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cordingly employ saws witK a nan-ow course ; while 
eawyers wlio cut planks, use one with a broad eoiu-se. 
The ovipositor-saw being extremely fine, does not re- 
quire the teeth to diverge much, but fi-om the manner 
from which they operate, it is requisite that they should 
not stand like those of our saws in a straight line. The 
greater portion of the edge of the instrument, on the 
conti-ary, is towai-ds the point somewhat concave, sim- 
ilar to a scythe, while towards the base it becomes a 
little convex, the whole edge being nearly the shape of 
an italic y. 

" The ovipositoi'-saw of the fly is put in motion in 
the same way as a carpenter's hand-saw, supposing the 
tendons attached to its base to form the handle, and the 
muscles which put it in motion to be the hand of the 
carpenter. But the carpenter can only work one saw 
at a time, whereaa each of these flies is furnished with 
two, equal and similar, which it works at the same 
time — one being advanced and the other retracted al- 
ternately. The secret, indeed, of working more saws 
than one at once is not unknown to onr mechanics ; for 
two or three are sometimes fixed in the same frame. 
These, however, not only all move upwai'ds and down- 
wards simultaneously, but cut the wood in different 
places ; vchile the two saws of the ovipositor work in 
the same cut, and, consequently, though the teeth are 
extremely flne, the effect is similar to [that of] a saw 
with a wide set. 

"It is important, seeing that the ovipositor-saws 
are so fine, that they be not bent or separated while 
in operation^ — ^and this, also, nature has provided for 
by lodging the backs of the saws in a groove, formed 
by two membranous plates, similar to the structure of 
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a clasp-knife. These plates are tliiekest at the Ijase, 
becoming gradually thinner as tliey approacli the 
point wliieli the forni of the eawe requires. According 
to Yalianieri, it is not the only use of this apparatus 
to form a back for the sa-ws, he having discovered be- 
tween the component membranes two canals, which he 
supposes are employed to 'conduct the eggs of the in- 
sect into the grooves which she has hollowed out for 
them. 

" The teeth of a cai'penter's saw, it may be re- 
marked, are simple, whereas the teeth of the ovipositor- 
saw are themselves denticulated with fine teeth. The 
latter, also, combines at tlie same time the properties 
of a saw and of a rasp or file. So far as we are aware, 
these two properties have never been combined in any 
of the tools of our cai-pentera. The rasping part of 
the ovipositor, however, is not constinicted hke our 
rasps, with short teeth thickly studded together, but 
has teeth almost as long as those of the saw, and 
placed contiguous to them on the bacli of the instru- 
ment, resembling in their form and setting the teeth of 
a comb." * 

I^'ow look at this object which I have just extracted 
from the abdomen of a rather large female Saw-fly, of 
a bright green hue, spotted with black. The first por- 
tion of the apparatus that protruded on pressure, was 

i pair of saws of an y-like figure. These agi-ee in 
1 with those described ; here is, in each, the 
doubly-curved blade, the strengthened back, the rasp- 
like jagging of the lateral surface, the teeth along the 
edge, and the secondary toothlets of the latter. All 
these essential elements we see, but there is much dis- 
* Insect AroMteoture, 1B3. 
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crepaiicy in the detail, and many points not noticed ; — 
in part, doubtless, owing to its being auotlier species 
which was under observation, and partly to the infe- 
riority of the microscopes employed a hundred and fifty 
years ago, to those we are using. 

In the first place the cui've of the/" is different, the 
convexity of the edge being towards the point and the 
concavity nearest the base. Then the strengthening 
does not appear to me a groove in which the saw plays, 
but a thiehening of the substance of the back.. Each 
main tooth of the saw in this case is the central point 
in the edge of square plate, which appears to he slightly 
concave on its two surfaces, being thickened at its two 
sides, at each of which, where it is united to the follow- 
ing plate, it rises and forms with it a prominent ridge 
running transvei-se to the course of the saw. Each of 
these ridges then forma a second tooth, as stout as the 
main edge-tooth, which, with the rest of the same series, 
forms a row of teeth on the oblique side of the saw, in 
a very peculiar manner, difficult to express by words. 
It is singular that thls.side of the saw should he studded 
with minute hairs, since these woiild seem to interfere 
with the action of the saw, or at least be liable to be 
themselves rubbed down and destroyed in its action. 
But their existence is indubitable ; there they are, 
pointing at a very acute angle towards the top of the 
saw. The back edge of the implement bristles with 
many close-set hairs or spines, forming a sort of brush, 
but pointing in the opposite direction. 

Each main tooth of the edge-series is cut into one or 
two minute toothlets on its posterior side (next the base 
of the saw) and about half-a-dozen on ita opposite side 
(next tlie tip). The texture is clear and colourless 



Hooted by Google 



IHSECTS; STINGS ABD OVIFOSITOES. 153 

where thin ; hut in. the thickened parts, as tlie main 
teeth, the ti-ansverse ridges, and the back, it is a clear 
amber-yellow ; the strengthening baek-piece deepening 
to a rich translucent brown. 

There is, however, in this species of mine a second 
eet of implements of which tlie Preneh naturalist, ob- 




servant as lie was, takes not the slightest notice ; and 
his Enghsh commentator appears to have as little sus- 
pected its presence. This pair of saws that we have 
been looldng at is but the sheath of a still finer pair of 
lancets or saws, wliich you may see here. These are 
much slenderer than the former, and are pectiliar in 
their eonetraetion. Their extreme tip only bears saw- 
teeth, and these are directed bacJcwards, but one side 
of the entire length presents a succession of cutting 
edges, as if a number of short pieces of knife-blades had 
been cemented on a rod, in such a manner as that tlie 
cutting edges should be directed backwards, and over- 
Jap each other. Tlio other lateral surface is plain, and 
both are convex in their general aspect. The appear- 
ance of these implemaits is veiy beautiful ; for tlie 
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texture is of a clear pale amber, but the structure is 
strengthened by a band which runs along each edge, 
and by transverse bands crossing at regular intervals, 
of a denser tissue ; and these are of a lich golden trans- 
lucent bTOwn. 

Fi'om the construction of this implement I should 
infer that its force is exerted in pulling and not in push- 
ing ; the direction of tlie teeth and of the chitting plates 




shows this. Tlie sharp horny point is probably thrust 
a little way into the solid wood or barb, and then a 
backward pull brings the teeth and cutting plates to 
act upon the materia!, and so successively. And prob- 
ably tliese points are the first parts of the whole ap- 
paratus that come into operation ; the blunter saw of 
the sheath serving mainly to widen and deepen the 
course, after the finer points have pioneered the way. 

Ton may like to hear what E^aumur has to say 
about the manner in which the fly works, especially as 
I have nothing of my own on tho subject, which yet is 
a most interesting one :— 

" Wlien a female Saw-fly has selected tho branch of 
a rose-tree, or any other, in which to deposit licr eggs, 
she may be seen bending the end of her belly inwards, 
in form of a crescent, and protruding her saw, at tlie 
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same time, to penetrate the bark or wood. She main- 
taiiiB this recxuTed position bo long as ehc works in 
deepening the gi-oove ; but when she has attained the 
depth required, she unbends her hody into a straight 
line, and in this position works upon the place length- 
ways, by applying the saw more horizontally. "When 
she has rendered the groove as large as she wishes, the 
motion of the tendon ceases, and an egg is placed in 
the cavity. The saw is then withdrawn into the sheath 
for about two-thirds of its length, and at the same mo- 
ment, a sort of frothy liquid, similar to a lather made 
with soap, is dropped over the egg, either for the pui'- 
pose of gluing it in its place, or sheathing it from tlie 
action of the juices of the tree. She proceeds in the 
same manner in sawing out a second gi-oove, and so on 
in BUceeBsion, till she has deposited all her eggs, some- 
■ times to the number of twenty-four. The grooves are 
usually placed in a line, at a small distance from one 
another, on the same branch ; but sometimes the 
mothcr-fiy shifts to another, or to a different part of tlie 
branch, when she is either seared or finds it unsuitable. 
She commonly, also, takes more than one day to the 
work, notwithstanding the superiority of her tools. 
K^aumnr has seen a Saw-fly make six grooves in suc- 
cession, which occupied her about ten hours and a- 
half. 

" The grooves, when finished, have externally little 
elevation above the level of the bark, appearing like 
the puncture of a lancet in the human skin ; but in the 
course of a day or two the pait becomes first brown 
and then black, while it also becomes more and more 
elevated. This increased elevation is not owing to the 
growth of the bark, the fibres of which, indeed, have 
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been destroyed by the ovipositor-saw, biit to the actual 
growth of the egg ; for, when a new-laid egg of the 
Saw-fly is compared with one which has . been several 
days inclosed in the groove, the latter will be found to 
be very considerably larger. Tliis gi'owth of the egg is 
contrary to the analogy observable in the eggs of bu'ds, 
and even of most other insects ; but it has its advan- 
tages. As it continues to increase, it raises the bark 
more and more, and consequently widens, at the same 
time, the slit at the entrance ; so tliat, when the grub is 
hatched, it finds a passage ready for its exit. The 
inother-fly seems to be awai'e of this growth of her eggs, 
for she talces care to deposit them at such distances as 
may prevent their disturbing one another by their 
development," * 

The meny little jumping insects called Frog-hop- 
pers {TutUgonid), one of which in its lai'va state emits 
the little mass of frotli so common on shrnbs, and called 
cuckoo-spit, are furnished with a set of tools for their 
own private carpentry, which, though less* elaborate 
tlian those of the saw-flies, are worthy of a moment's 
glance. If we catch one of these vaulters and gently 
press the abdomen, we shall see proceeding from its 
hinder and lower part, a thiekish piece, large com- 
pared with the size of the insect, which it is then 
easy to esti'act with a pair of flne pointed pliers. I 
have just done this, and here is the result on a slip of 
glass. 

First there ia a pair of brown protecting pieces, ob- 
long in form, and studded with hairs hke the rest of 
the.exterior of the body. From between them projects 
what resembles a lancet, of the usual translucent amber- 
* Insect Arohitecturc, IBB. 
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coloured Lorn, appropriated to these instnxments (which 
is to them what steel is to us) ; and which we shall 
prcaeutly discover to be compoeed of two blades exactly 
alike, convex without and concave within, applied face 
to face. One edge of this pair of implements is quite 
smooth, hut the other is cut into the most beautifully 
regular and most minute teeth. 

This, however, is but the sheath. "Within the two 
spoon-shaped faces there lie two other lancets, blade to 
blade, still finer and more dehcate. Both edges of these 
blades are of the most perfect keenness, without a flaw ; 
but their sides appeal- roughened with rows of very 
minute horny kuobs, lie a rasp. 

I shall illustrate this demonstration by another ex- 
tract from Keaumur, premising, howevei', that his ob- 
servations refer to the large species of true Oicadm from 
warmer latitudes, whose machinery seems to differ 
from that of our little friends in some particulars. 
Tor example, the two inner lancets seem to be united 
in, one, in K^aumur's species, or else, which I think 
more probable, he did not succeed in separating 
them. 

He describes tlie two curved spoon-shaped pieces, 
as finely indented on both sides with teeth ; which are 
strong, nine in number, ai-ranged with great symmetry, 
incre.ising in fineness towards the point. This instru- 
ment he describes as composed of three pieces, the two 
exterior, which he calls the_;??es, and another pointed, 
which he compares to a lancet, which is not toothed, 
"The files are capable of being moved forward and 
backward, while the centre one remains stationary ; 
and as this motion is effected by pressing a pin or tbe 
blade of a knife over the muscles on either side at the 
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origin of tlic ovipositor, it may he presumed that those 
muscles aro destined for producing similar movements 
■when the insect requires them. By means of a finely- 
pointed pin carefully introduced between the pieces, 
and pushed very gently downwards, they may he, 
with no gjeat difficulty, separated in their whole ex- 
tent. 

" The contrivances hy which those three pieces are 
held united, while at the same time the two files can be 
easily put in motion, are similar to some of our own 
mechanical inventions, with this difference, that no hu- 
man worhman could construct an instrument of tliis 
description so small, fine, exquisitely polished, and fit- 
ting so exactly. We shoidd have been apt to form the 
grooves in the central piece, whereas tliey are scooped 
out in the handles of the files, and play upon two pro- 
jecting ridges in the central piece, by which means this 
is rendered stronger. M. Edaumur discovered that the 
beat manner of showing the play of this extraordinaiy 
Ig^strument is to cut it off with a pair of scissors neai- its 
origin, and then, taking it between the thumb and the 
finger at the point of section, work it gently to put the 
files in motion. 

" Beside the muscles necessary for the movement of 
the files, the handle of each is terminated by a curve 
of the same hard homy substance as itself, which not 
only furnishes the muscles with a soi-t of lever, but 
serves to press, as with a spring, the two filea close to 
the central piece." * 

The use of these instrnments is the same as I have 
already alluded to in the case of the saw-ilies. The 
female Tree-hopper deposits her eggs in holes which she 
* Insect Architecture, 149. 
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bores in dead twigs by means of these files and lancets. 
The hi'anchea chosen are said to be recognisable by 
being studded with little oblong elevations, cansed by 
the partial raising of a splinter of wood at tlie orifice 
of the hole, to which it serves as a cover. These are 
arranged in a single fine, the holes which they protect 
being only half-an-inch in length, and reaching to 
the pith, whoso conrse they then follow, Not more 
than six ov eight eggs are laid in each hole, but an 
idea of tJie labours of the industrious and provident 
mother will be formed from the fact that each lays 
six or seven hundred eggs in the coui-se of the stun- 
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CHAPTER IX. 



INSECTS : TIIEIE 



The parts of the mouth in different insects afford an 
almost endless store of delightful observations ; and the 
more as, with all their variety, they ai'e found to be in 
eveiy case composed of the same essential elements. 
Ton wonld not think so, indeed ; yon would naturally 
suppose — looking at the biting jaws of a Beetle, the 
piei-eing proboscis of a Bug, the long elegantly-coiled 
sucker of a Butterfy, the licking tongue of a Bee, the 
cutting lancets of a Horse-fly, and the stinging tube of 
a Gnat — that each of these organs was composed on a 
plan of its own, and that no common structure could 
exist in instruments so diverse. But it is so, as we 
shall see. 

We may consider the various organs of the mouth 
as most harmoniously and perfectly developed in the 
active carnivorous Beetles, the CarahidiB, or ground- 
beetles, for instance. Let us examine the head of 
this black Scarites, from the garden ; and first from 
above. 

In front of the polished head-shield, and jointed to it 
hy a broad transverse straight edge, is a four-sided 
piece, forming an oblong square, neai'Iy twice as broad 
as long, a little conve-x, and marked with six little pits 
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or sinkings of tlie surface, along its front edge. Tliis is 
the upper lip ; Ijut, instead of being fleshy, as ours is, 
it is composed of a hard polished black shelly subatance, 
of a peculiar nature, called ehitine, the same substance 
as the hard parts of all Insects and Crustacea are 
made of. 

From beneath the sides of this there project on each 
Bide two broad hooked pieces, which, as you see, I can 
witli a needle force out laterally, so as to show their 
form better, for they hinge upon the sides of the face, 
beneath the heads-hield. Each forms the half of a cres- 
cent, the ciirved points of which are turned towards 
each other, and can work upon each other, tlie points 
crossing, like shears. These are the proper biting jaws, 
or mandibles, and in many of the larger beetles they 
have great power of holding and crushing. Some- 
times, their inner side is cut into strong teeth, but here 
this side forms a blunt cutting edge ; the npper surface, 
however, is scored with ridges and fun-ows, like a file, 
and this structure is best seen in tlie left jaw, which, 
when the pair close, crosses over the right. This is an 
action of the jaws the reverse of ours, but it is char- 
acteristic of all the articulate classes of animals, in 
which the jaws, whenever present, always work hori- 
zontally, from right to left, and not vertically, np and 
down. 

I will now, by making the forceps revolve, bring 
the under side of the head into view ; for without sep- 
aratmg the parts by dissection (which, however, is by 
no means difRcult,) it is impossible to see them all from 
one point of view. The part nearest our eye now is 
the chin, a wide homy piece, like tlic upper hp, jointed 
to the head by its straight hind edge, but, unlike it, 
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having its front edge hollowed out with two deep 
notches, the central piece between them itself notched 
at its tip. Immediately above this notched central 
tootli (I speak of the relative position of the parts, sup- 
posing the insect to be crawling on the ground, without 
reference to the way in which we turn it about on tlie 
microscope), and united with it, there is a sort of solid 
square pedestal, on which stand a pair of jointed or- 
gans, and between them an oblong homy plate rounded 




at the tip, where it beai's two bristles. This latter is the 
tongue ; while the jointed organs on each side ai-e 
called feelers,— palpi ; though this is a begging of the 
question, for we do not really know the function of 
these organs. The chin, the tongue {ligulaj, and these 
palpi, constitute together the under lip. 
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Between the tongue aud tlic biting jaws, or man- 
dibles, we see a pair of organs similar to these latter, 
but smaller, less solid and more curved. These are tlie 
under or secondary jaws, mtneiUm, the use of which is 
to hold the food, while the biting jaws work on it, and 
to convey it when masticated to the back of the mouth. 
Their whole inner edge ia set witli short stiff bristles, 
which towards the tips of the jaws become spines, 
IN'ear the base of these jaws, on the outer edge, are 
jointed two pairs more of palpi, one pair to each jaw ; 
of whicli the exterior is much stouter and longei- than 
the interior. Thus this beetle has three pairs of these 
many-jointed organs, the labial, and the two paii-s of 
maniUlary palpi. 

Now, in this form of mouth, which has been called 
a perfect or complete mouth — ^that is, one in which 
all the constituent parts can be well made out, we 
find the following organs : — 1. the upper lip {lah-um) ; 
2. the inandihles ; 3. the Tnaadllm / with a. the ^tuix- 
iUary paJ^^ i. the lower Kp {f^vuni), comprising 
/9. the tongue, \. the labial pal/pi, S. the chin (men- 
ium). 

I now exhibit to you the head of the Honey-bee, 
The front is occupied by an upper lip, and a pair of 
biting jaws {nmndibles), which do not gi-eatly differ 
from the same parts in a beetle. The jajvs, however, 
are more hatchet-shaped, or rather like the hoof of a 
horse, supposing the soles to be the opposing surfaces. 
The other organs are greatly modified, so that you 
woiild scarcely recognise them. Tlie under jaws {maa;- 
UIcb) are greatly lengthened, and the two, when placed 
in contact, form a kind of imperfect tube, or sheath. 
Within these is the lower lip, divided into its constit- 
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ueiit parts : — the tliick opaque chin, at its basal end ; 
then the two labial palpi, each consisting of four joints, 
of which the two terminal ones ai-e minute, while the 
two basal are large and greatly lengthened so as to 
resemble in appearance the inaxiUcB, whose function 
they imitate also ; for the pair of palpi when closed 




form an inner sheath for the tongue {Uffula). Pinally 
yon sec this organ, which is the most curiously devel- 
oped and modified of all ; for it is drawn out to a long 
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slender cylindrical tube, fonned of a multitude of close- 
set rings, and covered with fine hairs. Some deny it to 
be tubular, and maintain that it is solid ; but certainly 
it appears to me to have a distinct cavity throughout, 
with tliicldsh waUs. 

Under a high power the structure of the investing 
hairs is very interesting ; for they are seen to he flat 
filaments of the yellow chitine, very much dilated at 
their bases, and set side by side in regular whorls, the 
bottom edges of which form the rings of which the 
tongne is composed. The tip is probably a sensitive 
organ of taste, for it terminates in a minute globose 
pulpy body, whose sui-face is beset with tiny curved 
points. Thus I have pointed out to you all the parts 
which enter into the mouth of the beetle, except the 
'inmiUla/ry pdl/pi; and those, very small indeed, but 
quite distinct, you may see, on the outer edge of the 
maxillm, just below the point where their outline begins 
to swell into its graceful curve. 

The cyhndrieal tongue is capable of considerable 
extension and contraction at the will of the animal, 
being sometimes pushed far out of the moutli, and at 
others guite concealed within its sheath. " The man- 
ner," observes Mr. IlJ'ewport, " in which the honey is 
obtained, when the organ is plunged into it at the bot- 
tom of a flower, is by lapping, or a constant succession 
of short and quick extensions and contractions of the 
organ, which occasion the fluid to accumulate upon it, 
and to ascend along its upper surface, until it reaches 
the orifice of the tube formed by the approximation of 
the mamUm above, and of the hihial palpi, and this 
part of the ligida, below." 

Well might Swammerdam, when describing this 
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exc[uisite eti-ucture, humbly exclaim,—" I eannot refrain 
from confessing, to the glory of the Immense and In- 
eomprehensihle Architect, that I have but imperfectly 
deecribed and represented this small organ ; for, to re- 
present it to the life in its full perfection, as truly most 
perfect it is, far exceeds the utmost efforts of human 
knowledge." 

Here you may sec the implement with which the 
Bug performs its much-dreaded operation of blood- 
sucking ; for though this is not the head of the Bed- 
bug, but of one of the winged species that are found so 
abundantly on plants, and which I have just obtained 
by beating the hedge at the bottom of my garden, — ^yet 
the sti'uctnre of the mouth is so exactly ahke in all the 
members of this immense family, that one example will 
serve for all othei'S. 

From the front of the head, which, owing to the 
manner in which this part is carried, is the lower part, 
proceeds a fine thread, about four times as long as the 
head itself, which passes along between the fore legs, 
close to the body, beneath the breast. It is, however, 
at the pleasure of the animal, capable of being brought 
np so as to point directly forward, and even projected 
in front of the head, and in the same plane as the body ; 
a fact which once came under my own observation. I 
found a Plant-bug {Pentatoina) wliich had plunged this 
thread-like sucker of his into tlie body of a caterpillar, 
and was walking about with his prey, as if it were of 
no weight at all ; carrying it at the end of his sucbei", 
which was held straight out from the head and a little 
elevated. Ho fiercely refused to allow the poor victim 
to be talien away, being doubtless engaged in sucking 
its vital juices; just as the Bed-abomination victim- 
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isea the unfortunates wlio liave to sleep at some village 
inn. 

Well, we put this liead with ite sucker hetween the. 
plates of the compreseorium, upon the microscope-stage. 
The thread is an organ composed of four lengthened 
slender jointe, beset with scattered bristles, and termin- 
ating in a point on which are placed a number of ex- 
cessively minute radiating warte, — probably the seat of 
some sensation, — perhaps taste. This jointed organ is 
the Tinder-lip ; it is elit all down one surface, so that it 
foims an imperfect tube, orfuirow, within which lies 
the real weapon, a wire of far gi'eater tenxiity, which by 
pressure I can force out of its sheath. It is so slender 
that its average diameter is not more than y^Vi^ of 
an inch, and it ends in the most acute point ; yet this 
is not a single body, but consists of foui' distinct wires, 
lying- within one another, and representing the maxillfe 
~ajid the mandibles. These can be separated by tie in- 
sect, and will sometimes open when under examination ; 
but no instrument that I can apply to them is suifi- 
ciently delicate to effect their separation at my pleas- 
ure. Just at the very tip, however, undei' this high 
power, we can see, by the semi-transparency of the 
amber-coloured chitine of which the organ is composed, 
that there is another tip a little shortei', and as it were 
contained within the other. Tliis inner point is cut 
along it8 edges into saw-teeth pointing backward. 
Such exquisite mechanism is bestowed upon the struc- 
ture, and such elaborate contrivance is displayed for the 
comfort of an obscure and obscene insect, by Him who 
has not disdained to-exercise his skill and wisdom in its 
creation ! 

You know the stout ilies which arc denominated 
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Horse-fliea or Whame-flics {Tabanus), which are so 
numerous hi the latter part of summer flying around 
horses, and men too, if we intrude upon their domains. 
They are continually alighting on the ohjects of their 
attentions, and though driven away, returning with 
annoying pertinacity to the attack. You may always 
recognise them by the brilliant metfdliG hues — reds, yel- 
lows, and greens,— with which their large eyes ai-e 
painted, often in stripes or bands. These are voracious 
blood-suckers ; and, as might be supposed from their 
propensities, they arc well furnished with lancets for 
their surgery. Here you may see their ease of instru- 
ments, which ai'e so effective, that E6aumur tells us, 
that having compelled one to disgorge the blood it had 
swallowed, the quantity appeared to him greater than 
the whole body of the insect could have been supposed 
capable of containing. 

All the parts here are fonned of the common amber- 
coloured chitine, brilliantly clear and translucent. The 
upper lip forme a sort of straight sheath, in which all 
the other parts are lodged when not in use. Tlie inan- 
diiles are naiTow lancets ; of which one edge near the 
tip is beset with reverted saw-teeth, and the opposite 
edge with excessively sharp points standing out at right 
angles, while the surface is roughened with lozcnge- 
)3 set in regular rows. Below these are the 
'(s, which are the principal cutting instruments ; 
these arc shaped like a carving-knife with a broad 
blade, strengthened at the basal part of the back by a 
thick ridge, but brought to a double edge near the tip. 
The back-edge is perfectly fine and smootli, so tliat the 
highest powers of the microscope can only just define 
its outline ; while the other edge is notched into teeth 
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SO delicate, tliat twelve of them are cut in the length of 
a ten-thoiisandtli part of an inch ; and yet tlicy are 
quite regular and eymmetrieal in length, height and 
form ! I know of no straetnre of the kind wliich equals 
thia. These teeth ai-e continned tliroughout the inner 
edge of the blade from the tip to tlie base, and are 
about eight hundred in nnmber ; though the length of 
tiie entire blade is only such that upwards of a hundred 
and fifty of them, if laid end to end, would not reach to 
the extent of an inch I 

Tlie office of these wonderful instruments is doubt- 
less to cut and enlarge the wound within, and thus pro- 
mote the flow of blood. T!ie whole apparatus is 
plunged into the fieeh of the victim — ^horse or man ; 
then the mawUlm expand, cutting as they go, and doubt- 
less working to and fro as well as laterally, so as to saw 
the minuter blood-vessels. At tlie same time the Tnan.' 
dihUs, with their saw-teeth on one side, and pricking 
points on the other, work in like manner, but seem to 
have a wider range. Finally, there is an exceedingly 
deUcate piece beneath all, which seems to represent tho 
labium, or under lip. 

In the active and cunning little Flea, that makes 
his attacks upon us beneath the slielter of the blankets 
and under cover of night, the piercing and cutting 
blades are very minute, and have a pecuUar armature. 
They remind me (only in miniature of course) of those 
foi'midable flat weapons which we often see in mu- 
seums, the rostrums of the huge Saw-fishes {Pristis) ; a 
gi'eat plate of bone covered with grey skin, and set 
along each side with a row of seiTied teeth. Here the 
blades are similar in form, being long straight narrow 
laminee of transparent chitine, set along each edge with 
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a doiible row of glassy points, which project from the 
surface, and are then hooked backwards. These are the 
mandibles, and they closely fold togethei', inclosing an- 
other narrower blade, the upper lip, whieh has its two 
edges studded with similai" points, but in a single 

In general, as we have seen, the mamM<E are the 
specially aiiued weapons, the m<md^les acting a second- 
ary part, often serving as mere sheaths — in those insects 
which pierce other animals with the mouth. But in 
this case the maiidihles are the faTonred parte, the max- 
nice being developed into broad leaf-shaped convex 
sheaths, inclosing the mmuMhles. 

There are, however, two cutting blades besides, — 
the labial palpi, which hare their upper edge thick, 
divided into four distinct joints, and set with bristles, — 
thus retaining the proper palpine character, while their 
under edge is thinned away to a fine keen blade, in 
which thei'e is no sign of jointing. Tlien there are the 
inoidUary pcHpi, of which the joints are furnished at 
their tips with tiny projecting vcarts, doubtless the seats 
of a delicate perception, and hollowed into a double 
series of ehambei-s, -which are filled with a dark-coloured 
fluid. 

All this is very interesting to behold, and is calcu- 
lated to exalt our ideas of the wonderful and mexhaust- 
ible resources of Omnipotence, as well as to humble us, 
when we reflect on how little we certainly iinderstand 
even of what we see. But common as the Tlea is, it is 
not a matter of course that you will be able to repeat 
these observations with tlie first specimen you put on 
tlie stage of yonr microscope. Several favourable con- 
ditions must combine in order to hisure a saceessfnl ex- 
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amination. You should eliooae a female Flea, partly 
because of her greater size, and partly because the pre- 
datory weapons are better developed, in all these pierc- 
ing and sucking insects, in the femal^,^ — true Amazons. 
Then you ■will iind it needful to amputate the head, in 
order to get rid of the front legs, the thick thighs of 
which else impede your eight of the mouth, being pro- 
jected on each side of it. And this is a delicate opera- 
tion : it must be performed on a plate of a glass, under 
a lens, with one of those dissecting needles whose points 
are ground to a cntting-edge. Next, having served the 
head, you must place it in a drop of water, between the 
plates of your compreesorium, the graduated pressure 
of which, by means of the screw, will cause the organs 
of the moTitii to open and expand separately. TinaUy, 
you must hav^ a good instniment, and a high power : 
less than 600 diameters will not avail to bring out dis- 
tinctly the toothing of the inandilles and lal>rum; and 
even then you will need delicate manipulation and a 
practised eye. But the object is worthy of the care 
bestowed upon it. 

Once more. Let ns submit to examination the 
complex ease of instruments wherewith the Gnat pei> 
forms her unwelcome yet skilful surgery. I say " her," 
because among the Gnats, as among most of these 
puncturing insects, it is the females only who attain 
skill in the phlebotomie art, the males being innocent 
of any share in it, and being indeed unprovided with 
the needful implements. 

Here is a lai-ge specimen, resting with elevated liind 
legs on the ceiling, and now in alann off with shrill 
humming flight to the window. I decapitate her witli- 
out compunction, as it is but a fak penalty for her 
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mitrderous deeds ; and, as of old the aseman held up 
" tlie head of a traitor " to public gaze, bo I lay this 
head on the glass of the eompi-essoriiun for your con- 
templation. 

And before I apply pressure to the glass-plate, de- 
vote a moment's attention to the tout ensemble. Pirst, 
the head itself is a hemisphere, almost wholly occupied 
■with the two compound eyes, which present the beauti- 
ful appearance of a globe of black velvet, studded with 
gold buttons ai'ranged in lines crossing each otiier at 
right angles. The summit of the head, where the two 
compound eyes unite, beai-s a sort of rounded pedestal, 
the area of which forms the sole part of the head not 
covered by the organs of vision. On this are placed, 
side by side, the two antennje, springing from rounded 
bulbous bases ; they consist of twelve (exclusive of the 
basal bulb) cylindi'ical joints, which are beset on all 
sides with short arched hairs, but have besides a whorl 
of radiating long hairs surrounding the bottom of each 
joint. The effect of this is exceedingly light and ele- 
gant. 

Between these projects a long cylinder, which re- 
presents the lower lip {labiimi) ; it slightly swells to- 
wards the tip, where it forms a round, nut-like knob, 
covered with exceedingly minute papilhe, and no doubt 
constituting a highly sensitive organ of touch. For 
the greatest part of its length it is covered with lined 
scales, and with short arched hairs, like the antennse, 
while each side of its base is guarded by a labial palp 
of three joints. 

On applying a graduated pressure, slowly increased 
to actual contact of the plates (or as near an approxi- 
mation to it as we can effect), we see first that the nut- 
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like tip of tlie labium expands into two concave leaves, 
like the bracts of a bndj and displays two paire of more 
delicate leaves -within them, Tlien from a grooTS along 
the upper side of tlie lahiw}n, spring out several ^la- 
ments of great elasticity and of the most delicate tenu- 
ity. One pair of these represent tlie manclibles ; they 
consist each of a very narrow blade with a stronger 
ba<;k like that of a scythe. Their tip is bronght to a 
most acute point, and the edge in immediate proximity 
to this is cut into about nine teeth pointing backward : 
the rest of tlie edge is smootli, ^ 
bnt the whole blade is crossed 
by a multitude of oblique lines 
of great delicacy, wliieli may be 
intended to keep the edge con- 
stantly keen. 

!Next come the 'maxillm, or 
lower jaws, horny filaments as 
long as t!ie formei", bnt still more 
delicate, constituting simple cat- 
ting lancets, with a back and a 
keen blade, a little widening at 
the tip. 

Besides these tliere is the 
tonfue, consisting of a central 
rod which is distinctly tubulai", 
and of a tliin blade on each side, 
fine-edged and drawn to an acute 
point. And also the lahrum. or 
upper lip, an organ having the 

same general form, but ,consti- fi'maS/ibtes. flaSrBm. 
tuting an imjierfect tube ; a tube, '^ •■ ""^™"''^ 
that is to say, from which about a third of the periphery 
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is cut away, so as to serve as a sheath for the tongue, 
which ordinarily lies within its concavity. 

I scarcely know whether this apparatus is not more 
wonderfully delicate than any we have examined ; — 
even than that of the Fiea. And how effective it is 
you doubtless well know ; for when the array of lancets 
ia introduced into the flesh, you are aware tliat a tumour 
is left, which by its smart, itching, and inflammation, 
causes much distress, and lasts many hours. This effect 
is probably produced partly by the deep penetration of 
the instraments, — ^for they ai-e fuUy one-sixth of an inch 
in length, and they are inserted to their very base, — 
and partly by tlie injection of a poisonous fluid, intend- 
ed, as has been conjecturally suggested, to dilute the 
blood and make it more readily flow up the capillary 
tubes. Tlie channel tlirongh which this fluid is injected 
is probably tlie tongue, which you see to be pei-raeated 
by a tube containing a fluid ; and the same channel 
may afford ingress to the diluted blood. 

The lahium does not enter the wound. If you have 
ever had the philosophic patience to watch a gnat 
while puncturing your hand, you have observed that 
the knob at the end of the proboscis is applied to the 
skin, and that then the organ hends with an angle 
more and more acute, until at length it fonns a double 
line, being folded on itself, so that the base is brought 
into close proximity to the skin. Meanwhile tlie lan- 
cets have all been plunged in, and are now smik into 
your flesli to their very bottom, while the lahium, 
which formed merely the sheath for tlic whole, is bent 
up upon itself, ready again to assume its straight form, 
as soon as the disengaged lancets require its protec- 
tion. 
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The tongue of the common Fies (House-fiy, Blow- 
fly, &e.) m an exquisite microscopical object, from its 
extreme complexity and beauty. You are familiar 
■with the -way in which a fly, having alighted close to a 
drop of tea on the table, applies to it a proboscis with 
large dilated extremity, and presently IJets it all up. 
Yon shall now see the curious implement by which this 
is effected. 

The broad poition of the object before us, foraiing 
its bottom part, biisthng with course black hair, is the 




front of the bead of a Blow-ily. From the midst of this 
projects a dark brown mass terminating in two points, 
and inclosing a narrower and darker object with two 
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long slendei' roots, dilated at tlieir bases ;— this is the 
pair of maxilke altered aud modified into a kind of 
sheatli for the mandibles. On each side projects an 
elegant clnb, bristled ivith coarse black hair, and cov- 
ered besides with a coat of very minute hairs ; these 
clnbs are the maxillary palpi. 

Bat now we come to tlie terminal part, consisting 
of a pair of lobes, together forming a rounded triangle 
in their outline. This is the dilated and thickened ter- 
mination of the laMum, and is the iustrnment by which 
the liquids are so rapidly sucked lip. It is impossible 
to describe this beautiful structure intelligibly : and 
indeed it is not well understood even by those who 
have devoted their lives to this branch of natural 
science. The principal feature apparent is a wide clear 
membrane, through which run with admirable sym- 
metry a series of tubes. These tubes consist of four 
primary ones, all originating near the centre of tlie ex- 
pansion, and radiating thence, two backward towai'ds 
the two lateral angles of the triangle, and the other two 
nearly side by aide towards its point. From each of 
these, along its outer side only, branch off the minor 
tubes, very numerous and close together, going off in a 
slightly sinuous line direct to the margin, diminishing 
regularly in their course, and at their extremities curv- 
ing over, so as to bring tlieir open tips to the surface of 
the skin. 

The constrnction of these tubes is highly interest- 
ing ; they are formed, like the air-pipes {prache(E), of a 
multitude of homy rings ; hut with this peculiarity, 
that the rings do not form a continuous spiral, but are 
separate and distinct ; and are moreover imperfect ; 
for each wire (so to speak) does not perform a complete 
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circle, but only about two-thirds of a circle, leaving a 
blank space ; and the tips of the wires end alternately 
in a fine aeute point, and in a rounded fork, like the 
prongs of a pitch-fork. It has been said that these 
tubes are modified trachea , but this fact is by no 
means obvious to me ; for so far from their being con- 
nected with the general ti'aeheal system, each of the 
four main tubes originates in an open centre, and each 
with an open extremity. I think it likely that they are 
60 many suctorial pipes, through which the fluid to be 
dmnli is pumped up, entering at their minute open 
tips, and discharging itself into the central cavity, by 
the open basal extremities of the main tubes. 

llie most extraordinary modification of jaws, how- 
ever, is the long spiral tube which is oi-dinarily coiled 
up under the face of a Butterfly or Moth, with which 
it pumps up the sweet nectar of flowers. Many flow- 
el's have a deep corolla, and most have the bases of 
their petals, where the nectar lies, so far from the level 
of the surface, that probing is necessary to reach it. 
Bees can enter tubular flowers, and lick their bottoms ; 
and even blossoms that are closed, as the Snapdragon, 
they know how to force and enter. But Butterflies, 
wili their wide wings, incapable of being folded, can- 
not enter flowers bodily, and therefore a peculiar ap- 
paratus is given them for robbing their contents, aa it 
were, at the doors. 

Nothing is easier than to examine this beautiful or- 
gan with the naked eye ; and much may be leai-ned of 
its structure by means of a pocket lens. You may thus 
see in a moment, that it forms a flat spiral of several 
coils, like the mainspring of a watch ; that it runs off 
to a point, and that this point is double, for it is fre- 
8* 
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quently seen separate a considerable way up. Hence 
you would probably infer that the organ consists of 
two equal and conaimilar halves, united longitudinally. 
And so, indeed, it does ; and these halves are the rep- 
resentatives of the wAumMts or lower jaws of the Beetle, 
being thus gi'eatly developed at the expense of almost 
all the other pai-ts. The upper lip and the mandibles 
are discernible only in the form of three most miniite 
plates ; the labial palpi are lai'ge and prominent,— - 
those well-hau'ed points that project in front of the 
head, one on each side of the spire. This spiral form 
of the TncueUlw is called a/nil/la. 

It is not, however, veiy easy to fix it in an extended 
condition on a slip of glass, bo as that it shall lie flat 
throughout its whole length, without injuring the parts 
or so agglutinating them together, that their sti'uctnre 
is concealed or distorted, and in either case unfitted for 
microscopical examination. The specimen which I liave 
prepared, from the mouth of the Small Garden White 
Butterfly, is stretched, and fixed in balsam, and will I 
thiidt show you the structure under a high power very 
well. 

Before we examine it, however, I will cite you tho 
description of one of the most eminent of microscopical 
anatomists, Mr, Newport. He considers each Tnandlla 
to be composed of an immense number of short trans- 
verse muscular rings, which ai-e convex externally and 
concave internally, the two connected organs forming a 
tube. Within each there are one or more large trachece 
connected with the i/raohem in the head. Tlje inner or 
concave surface which forms the tube ia lined with a 
very smooth membrane, and extends along the anterior 
margin throughout tlie whole length of t!ic organ. At 
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its commencement at the apex, it occupies nearly the 
whole breadth of the organ, and is smaller than at its 
termination near the mouth, where the concavity or 
groove does not occupy more than abont one-third of 
the breadth. In some species, the extremity of each 
m.aadlla ia fnrniBhed along its anterior and lateral mar- 
gin with a gi'eat number of minute pwpiUm. These, in 
Yanessa Atalwnta (the Bed Admiral Butterfly) for in- 
stance, foi'm little barrel-shaped bodies, furnished at the 
free end with thi-ee or more marginal teeth, and a larger 
pointed body in the centre. There are seventy-four of 
these in each inaxilla, or half the proboscis. Mr. IJ'ew- 
port regai'ds them as probably organs of taste. There 
are also s-omo curious appendages arranged along the 
inner anterior margin of each •rnaaMla, in the form of 
minute hooks, which, when the proboscis is extended, 
serve to unite the two halves together, "h^ the points of 
the hoots in one half being inserted into little depres- 
sions between the teeth of the opposite side ; sometimes 
these are furnished with a tooth below their tips. 

With all deference for so respectable an authority, 
I cannot help seeing that such is not the structure of the 
anilia before us. It is evident to mo that each half tube 
is composed of a membrane eti'etched upon stiff homy 
semi-rings, doubtless composed of chitine, and certainly 
not musoular. By bringing the outline of the rounded 
exterior into focus, we see that these rings form shaii) 
ridges ; and by tracing tliem onwai-da to the attenuated 
extremity of the oi'gan, we see them gi'adnally give way 
to transverse lines of interrupted lidgy warts upon the 
outside of the membrane. The ti-ue muscles appear to 
be indicated by those oblique lines and bands that are 
seen in the interior, beneath the homy rings. 
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This specimen eliows very distinctly that the two 
sides ai'e but semi-tiibular, and as one pair of tlie op- 
posing edges are open at eacli oxtreiiiity, and tlie other 
pan separate thi-onghont, we are 
able to discern very clearly the 
aitaj of hooks, bywhieh the edges 
aie united at the will of the animal, 
I Ho tiaceof the curious little point- 
ed harrel-ehapcd papiUm is found 
hcie, but I have seen it in other 
examples. 

It seems highly probable, from 
. the observations of the excellent 
TEiTFLT fiiiitoiiiist just named, that the ex- 
A ^H p«uon «. . I oif-o i>d8r ]ianstion of the nectar of a flower, 
which IS effected with great rapidity and completeness, 
lis a process dependent on respiration, and connected 
with the air-pipe that permeates each division of the 
sucker. 

It will not be a very violent transition, if from the 
sucking pnmp of the Buttei-iSy I carry yon to the silk- 
spinner of the caterpillar. Here I have a Silkworm in 
the act of commencing its cocoon ; by inclosing wliich 
in this glass tube, we shall conveniently have the insect 
at command, and shall be able to view the process un- 
der a low magnifying power and reflected light. Now 
the grey face of the worm is presented to us ; and we 
can see, below the edge of tlie head-shield, a short broad 
tipper lip, foi-ming two blunt points. Below this is llie 
pair of strong brown mandibles, convex outwardly and 
concave inwardly, each cut at its broad biting edge inlo 
several teelh. Below these are two little points which 
represent the maxillcB, and between them a blunt 
rounded knob, which is tlie lower lip {lahium). 
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You may also see, on eacli cheek, close to the base 
of the mandiUe, a little pit, out of which rises a short 
columnar organ tipped with two bristles ; these columns 
are the incipient aniennce. OutsiJe them you may dis- 
cern on each cheek, a series of six globes of glass (so 
they appear) set in the substance of the skin, — iivo form- 
ing a semicircle, and one in the centre ; these are " the 
windows at which the [silkworm's] soul looks through," 
— provided he has any eonl — in prosaic parlance, his 
eyes. 

Now, having thus introduced the several members 
of our useful friend's pliysiognoiny to yon, let me call 
your attention to a fleshy wart just beneath the lower 
lip, and midway between the bases of tlie two fore lege. 
This wart terminates in a horny point not unlike a bird's 
beak, which is perforated, and from the tip of wliicli the 
glistening yellow filament of silk is ever drawn out, as 
the catei-ptllar throws his head from side to side. This 
pointed wart is the spinning organ; and the thread of 
silk is, as it issues from the onfiee, a fluid gum, which 
hardens immediately on its exposure to the air. The 
silk-gum is secreted by the caterpillar in two long blind 
tubes, which lie twisted and coiled in the interior of the 
body, occupying nearly tlie whole space, except that 
which is taken up by the great digestive canal, Tliese 
become very slender as they approach tlie liead, and at 
length terminate in a dilated reservoir, which opens by 
the little pointed wart which you have just seen. 

Many caterpillars ai'c able to suspend themselves at 
pleasure by means of the thread which tliey are spin- 
ning, lengthening it and " stopping it ofl"," at will. This 
latter operation they perfoi-m (though tliey cannot reeal 
the thread when once it has issued) by means of an an- 
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gnlar point formed by the two slender tubes at then- 
jonction in tlie reservoir ; thus eompresaing the tliread 
of gum, and so preventing any more from issuing. The 
gum is perfectly colourless in the reservoir, but as it 
issues forth becomes coated with a vamish, -which is 
secreted in the same organ, and which is poured out at 
the eanae time. In the case of the common Silkwoi-m, 
this varnish imparts to tlie silk that brilliant yellow hue 
wliich it generally possesses, and which, as the varnish 
is soluble, can be easily discharged from it in the man- 
iifacture. 
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CHAPTER X. 



THEIK lUES AND i 



A VEKY wide £eM of observation, and one easily cul- 
tivated, is pi'eaented by the organs of sense in the in- 
sect races, and in particular by those curious jointed 
threads which proceed from the front or sides of the 
head, and which are technically called anienjuE. These 
may sometimes be confounded with &epalpi, examples 
of which organs we have been lately looking at ; for 
in a carnivorous Beetle, for instance, both pcfipi and 
aniennm are formed of a number of oblong, polished 
hard joints, set end to end, lite beads on a necklace. 
And it is probable there may be as much community 
in the function as in the form of these two seta of 
appendages ; that both are the seats of some very deli- 
cate perceptive faculty allied to touch, but of which we 
cannot, from ignorance, speak very definitely. It is 
likely, indeed, that sensations of a vei'y variable char- 
acter are perceived by them, according to their form, 
the degi'ce of their development, and the habits of the 
species. 

It is not impossible, judging from the very great 
diversity which we find in the fonn and structure of 
these and similar organs in this immense class of beings, 
compared with the uniformity that prevails in the or- 
gans of sense bestowed on ourselves and other verte- 
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brate animals,— tliat are far wider sphere of perception 
is open to them than to lis. Perhaps conditions that 
are appreciable to ua only by the aid of the most deli- 
cate instruments of modern science may be appreciable 
to their acute faculties, and may govern their instincts 
and actions. Among such we may mention, conjec- 
turaUy, the comparative moisture or dryness of the at- 
mosphere, delicate changes in its temperature, in its 
density, the presence of gaseous exhalations, the prox- 
imity of solid bodies indicated by subtile vibrations of 
the air, the height above the earth at which flight is per- 
formed, measured barometrically, the various electrical 
conditions of the atmosphere ; and perhaps many other 
physical diversities which cannot be classed under sight, 
sound, smell, taste, or touch, and which may be alto- 
gether unappreciable, and therefore altogether incon- 
ceivable, by us. It is probable, however, that tlie aii- 
tennm are the organs in which the sense of hearing is 
specially seated ; a conclusion which has long been con- 
jeeturally held, and which is eonfinned by some obser- 
vations recently made on the analogous organs in the 
Crustaoea, which I will allude to more particularly 
presently. 

The forms which are assumed by the ardenrKB of 
Insects are very diverse ; and I can bring before you 
only a very small selection out of the mass. One of 
the most simple forms is that found in many Beetles, 
as in this Carabus for example. Here, each cmtenna is 
composed of eleven joints, almost exactly alike and 
symmetrical, each joint a homy body of apparently a 
long-oval shape, polished on the surface, but not smooth, 
because covered with minute depressed lines, and 
clothed with shaggy haii'. There is, however, a slight 
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illusion in the appearance : it seems as if tlie dividing 
point of the joints were, as I have just said, at the ter- 
mination of the oval, but when we look closely we see 
that tlie summit of each oval is, as it were, cut off by a 
line, and by comparing the basal joints with the others, 
we see that this Hue is the real division, that the sum- 
mit of the oval i-eally forms the bottom of tlie succeed- 
ing joint, and that the constricted pai-t is no articula- 
tion at all. The iirst, or basal joint (called the scapus), 
and the second {called tlie pediceUa), differ in form 
from the rest, here bat slightly, but often considerably. 
Tlie whole of the remaining joints are togetlier termed 
the dwoola. 

You may see a considerable diversity of figure and 
of aspect generally in this tiny Weevil, which may he 
accepted as a representative of a great family of 
Beetli^, tlie Ouviyuliomdm. Tlie manner of their in- 
sertion strikes us at first sight as peculiar', as is in fact 
the aspect of the whole head. Instead of a thick sub- 
stantial solid front, with powerful widely-gaping jaws, 
such as we saw in tlie Carah'us^ here projects from be- 
tween the eyes a long rod-like pi'oboscis, as long as the 
whole animal besides, curving downwards, and carry- 
ing at its very extremity a minute month, with all the 
proper appai-atus of lips, jaws, and palpi. Moreover, 
the (mteiitUB are planted on the two sides of this beak, 
about its mid-length ; and they ai-e curiously elbowed, 
each projecting horizontally at a right angle to the 
beak for a considerable distance, and then with a sharp 
angle becoming parallel to it for the remainder of their 
lengtli. So that, supposing the teiTninal half of the 
beak to be broken off just behind the insertion of the 
ce, the whole would compose the letter T. Now, 
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the first bend of tliis angle ia composed of a single 
joint, the sca^us, which is, in tins family, greatly 
lengthened; and then the two or tliree final joints 
are much thicker than all the others, and are aa it 
were fused together into a large oval knob, called the 
elub. 

JS'ow, a word or two in explanation of this very sin- 
gular form of head and head-organs. The lai-va or 
gi'ub stage of these insects is destined to be passed in 
the interior of fruits and seeds ; the individual which 
we have been examining {Balam/mis nucwn) was born 
one morning in August in the interior of a hazel-nut. 
Its parent had chosen a snitable nut, just then when 
it is set for fruit, and as yet green and soft ; and had 
with her proboscis, or rather witli her jaws at its tip, as 
with a gimlet, bored a tiny hole through the yielding 
shell into the very interior ; tlien turning round, and 
inserting the extremity of her abdomen with its ovipos- 
itor, she had shot an egg into this dai'k cavity. The 
juices poured forth at the wound soon healed the ori- 
fice ; the nut grew ; and presently the egg became a 
little white grub. lie then rioted in plenty ; prolonged 
his darkling feast 

" From niglit to morn, from morn U) dewy evo ; " 

— 'twas all " dewy eve" to him, by the way, for no 
ray of light saw he, till that prosperous condition of 
existence was done. Ko wonder he grew fat ; and fat 
those rogues of nut-weevils always are, as yon well 
know. Well, when the nut fell, in October, Hie kernel 
was all gone, completely devom-ed, and our httle high- 
way-robber was ready for his winter sleep : he gnawed 
a fresh hole through the now hard shell, made his way 
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out, and immediatoiy burrowed into the earth, wliero 
he lay till June ; then became a pupa, and emerged 
just what you see him, a long-snouted beetle like liis 
mother, in tlie beginning of Augiist. 

Such is his " short eventful histoiy ; " and you now 
see that the long beak is formed entirely with reference 
to tliis economy ; it ie an auger fitted to bore holes into 
shell-fruits through their envelopes, for the reception of 
eggs. 

There is a very extensive family of Beetles known 
as Lamellicomes, because the anteimal joints are sin- 
gularly flattened and applied one over the other like 
the leaves of a book (famella, a leaf). Here is a very 
common little Chafer found on the droppings in pas- 
tures {Ajyhodiiis Jimetanua), in which the l^t three 




joints constituting the cluh of the antenna, are of an 
ovate form, and flattened, so as to lie one on another 
quite close, like three oval cakes ; and being connected 
only at one end of the long axis, they open and shut at 
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the 2>lcasiire of the animal, Kke a long pocket niemo- 
Tanduin-book of thi'ee leaves. 

But this structure is seen to still greater advantage 
in the innch larger Cockchafer, so abundant in May 
in some seasons, Por here the joints composing tlie 
club are much more numerous (seven in the male, six 
in the female), and they are proportionally longer 
and thinner, and therefore more leaf-like. The insect 
widely expands them, evidently to receive impressions 
from the atmosphere ; when alanned, they are closed 
and withdrawn beneath the shield of the head, but on 
the first essay towards escape, or any kind of forward 
movement, the leaves are widely opened, and then 
after an instant's pause to test the perceptions on the 
aensorium, away it travels. 

In some Beetles each joint of the seri^ has one of 
its outer angles more developed than the other, and so 
produced as to make, with the rest of the joints, a saw- 
like edge : you may see an example in this Click-beetle 
or Skipjack {Elater) ; but many members of the same 
family show the same stmcture in a far higher degree, 
the angle being di-awn out in a long slender rod, which 
(with its fellows) impai-ts to the antenna the appeai-ance 
of a comb. 

But much more curious and beautiful are the an- 
tenn£e of many Moths, which often resemble feathers, 
particularly in the gi'oup Bomh/cina, of which the 
Silkworm is an example ; and in the male sex, which 
displays this structure more than the female. Hut I 
will show you a native example. 

This is the antenna of a lai-ge smd handsome, and 
not at all uncommon moth — the Oali Egger [Lasio- 
5«). It consists of about seventy joints, so 
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nearly alilce in size and outline, that the whole forms 
an almost straight i-od, slightly tapering to the tip. 
Each joint, however, sends foi-th two long straight 
branches, so disposed that the pair make a very acute 
angle, and the whole double series of seventy on each 
side, form a deep narrow groove. These two series 
of branches, being perfectly regular and symmeti'ical, 
impart to the antennse the aspect of exquisite feathers. 

It is, however, when we examine the elements of 
this structure in detail, using moderately high powers 
of enlargement, tJiat we ai-e struch with the elaborate- 
ness of the workmanship bestowed upon them. Each 
of the lateral branches is a straight rod, thick at its 
origin, whence it tapers to a little beyond its middle, 
and then thickens again to its tip. Here two homy 
spines project from it ob]ic[uely, one much stonter than 
tlie other, at such an angle as nearly to touch the tip 
of the succeeding branch. 

Besides this, each branch is surrounded throughoiit 
its length with a series of short stifl" bristles, very close- 
set, projecting horizontally (to the plane of the axis of 
the branch), and bent upwards at the end candelabrum- 
fashion. The mode in which they are arranged is in a 
short spiral, which makes about forty-five whorls or 
tm-ns about the axis ; at least in the branches which are 
situated about the middle of the a/idenna ; for these 
diminish in length towards the extremity, bringing the 
feather to a rather abrupt point. 

The entire surface of the branch gleams under re- 
flected light with metalhc hues, chiefly yellows and 
bronzy greens ; which appear to depend on very mi- 
nute and closely- applied scales that overlap each other. 
The main stem of the feather, — that is, the primary rod 
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or axis, — is somewhat sparsely clotied ■with scales of 
another kind, thin, oblong, flat plates, notched at the 
end, and very slightly attached by means of a mimite 
stem at the base, — the common clothing-scales of the 
Z^idoptera, — specimens of which we have before ex- 
amined. 

Wo may acquire some glimpse of a notion why this 
remarkable development of antennse is betowed upon 
the male sex of this moth, by an acquaintance with its 
habits. It has been long a pi'actice with entomologists, 
when they have reai'ed a female moth from the chry- 
salis, to avail themselves of the instincts of the species 
to capture the male. This sex has an extraordinaiy 
power of discovering tlie female at immense distances, 
and though perfectly concealed ; and will crowd to- 




wards her i\xnxi all qnartei-s, entering into houses, beat- 
ing at windows, and even descending chimneys, to 
come at the dear object of their solicitude. Collectors 
call this mode of procui'ing the male " sembling," that 
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18, " ass&nMmg^'' because the insects of this sex assemble 
at one point. It cannot he practised with all insects, 
nor even with all moths ; those of this family, Somhj- 
ddw, are in general available ; and of these, none is 
more celebrated for the habit than tlie Oak Egger. 
The very individual whose antenna has furnished us 
with this observation was taken in this way ; for hav- 
ing bred a female of this species the evening before last, 
I put her into a basket, in my parlour. One male, the 
same evening, came dashing into the kitchen ; but yes- 
terday, soon after noou, in the hot sunshine of Aiiguet, 
no fewer than four more males came rapidly in succes- 
sion to the parlour window, which was a little open, and, 
after beating about the panes a few minutes, found 
their way inj and made straightway for the basket, 
totally regardless of theh own liberty. 

It must be manifest to yon that some exti'aordinary 
sense is bestowed upon these moths, or else some ordi- 
nary and well-known sense in extraordinary development. 
It may be smell ; it may be hearing ; but neither odour 
nor sound, perceptible by our dull faculties, is given 
forth by the females ; the emanation is far too subtile 
to produce any vibrations on our sensorium, and yet 
sufflciently potent, and widely diffused, to call tliese 
males from their distant retreats in the hedges and 
woods. I think it highly probable tliat the great in- 
crease of surface given to the antenna) by the plumose 
ramification we have been ohseiwing, is connected 
with the faculty ; perhaps every bristle of the spiral 
whorls is a perceptive organ, constructed to vibrate 
with the tender undulations that circle far and wide 
from the new-born female. Sm-ely the ways of God in 
creation, as well as in moral government, are " past 
finding out I " 
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The male Gnat presents in its antennre a pair of 
plumes of equal beauty, but of a totally differeiit char- 
actei-. The pattern here is one of exceeding lightness 
and grace, as you may see in this specimen. Each an- 
temiie is essentially a very slender cylindrical stem of 
many jointfi (about fourteen) ; at each joint springs out 
a whorl of fine hau's of great length and delicacy, which 
radiate in various directions (not, however, forming a 
complete circle), curving upward like the outline of a 
saucer, supposing the stem to be inserted into its centre. 
The length of these hairs is so great that the diameter 
of their sweep equals, if it does not exceed, the whole 
length of the antenna. 

In the tribe of two-winged insects, which we tei-m, 
par excellence. Flies {Muscadoi), the antennae are of 
peculiar stmctui'e. The common Honse-fly shall give 
us a good example. Here, in front of the head, is a 
shell-like concavity, divided into two by a central ridge. 
Just at the summit of this project are the two antennse, 
originating close together, and diverging as they pro- 
ceed. Each antenna consists of tliree joints, of which 
tlie first is very minute, the second is a reversed cone, 
and the third, which is lai-ge, thick, and ovate, is bent 
abmptly downwards immediately in front of the con- 
cavity. From the upper part of this third joint pro- 
jects obUquely a stiff bristle or style, which tapei-s to a 
fine point. It is densely haiiy throughout ; and is 
more beset with longer hairs, on two opposite sides, 
whicli decrease regularly in length from the base, mat- 
ing a wide and pointed plume. 

Such arc a few examples of what are presumed to 
be the ea/FS of Insects ; let ns now turn our attention 
to their eyes. And we can Bcarcoly select a more hril- 
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liaiit, or a larger example, than is presented by this fine 
Dragon-fly (jEshna), ■which I just now eanght as it was 
hawking to and fro in my garden. How gorgeously 
beautiful are these two great hemispheres that almost 
compose the head, each shining with a soft satiny lustre 
of azure hue, surrounded by olive-green, and marked 
witli undefined black spots, which change their place 
as you move the insect round 1 

Each of these hemispheres is a compound eye. I 
put the insect in the etage-forceps, and bring a low 
power to heal' upon it with i-efleeted light. You see 
an infinite number of hexagons, of the most accurate 
symmetry and regularity of arrangement. Into those 
which are in the centre of the field of view, the eye 
can penetrate far down, and you perceive that they are 
tubes ; of those which recede from the centre, you dis- 
cern more and more of the sides ; while, by delicate 
adjustment of the focus, you can sec that each tube ia 
not open, but ia covered with a convex arch, of some 
glassy medium polished and transparent as crystal. 
There are, according to the computations of accurate 
naturalists, not fewer than 2i,000 of these convex 
lenses in the two eyes of such a large species of Dragon- 
fly as this. 

Every one of these 24,000 bodies represents a per- 
fect eye ; every one is furnished with all the apparatus 
and combinations requisite for distinct vision ; and 
there is no doubt that the Dragon-fly looks through 
them all. In order to explain this, I must enter into 
a little technical explanation of the anatomy of the 
organs, as they have been demonstrated by careful dis- 
section. 

The glassy convex plate or facet in front of each 
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hexagon is a cornea, or comeuXe, as it has been called. 
Behind each cornea, instead of a crystallMie lens, there 
descends a slender transparent pyramid, whose base is 
the cmTiea, and whoso apex points towards the interior, 
where it is received and embraced by a translucent 
cup, answering to the vitreovs Jiumowr. This, in its 
turn, is snrrounded by another cup, formed hy the ex- 
pansion of a nervous filament arising from the ganglion 
on the extremity of the optic nerve, a short distance 
from the hrain. Each lens-liike pyi-amid, with its vit- 
reous enp and nervous filament, is completely sur- 
rounded and isolated by a coat (the cImtoI^ of dark 
pigment, except that there is a minute orifice or pu^il 
behind tlio cornea, whei-e the raya of light enter the 
pyramid, and one at the apex of the latter, where they 
reach the fibres of the optic nerve. 

Each cornea is a lens with a perfect magnifying 
power, as has beon proved by separating the entire 
compound eye by maceration, and then drying it, flat- 
tened out by pressure, on a slip of glass. When this 
preparation was placed imder the microscope, on any 
small object, as the points of a forceps, being interposed 
between the mirror and the stage, its image was dis- 
tinctly seen, on a proper adjustment of the focus of the 
microscope, in evciy one of the lenses whose line of 
axis admitted of it. Tlie focus of each cornea has been 
ascertained by similar experiments to be exactly equal 
to the length of the pyramid behind it, so that the 
image produced by the rays of light proceeding from 
any external object, and refracted by the convex 
cornea, will fall accurately upon the sensitive termina- 
tion of the optic nerve-filament there placed to receive 
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The raya which pass through the several pyramids 
are prevented from mingling with each other ty the 
isolating sheath of dark pigment ; and no rays, except 
those which pass along the axis of each pyramid, can 
reach the optic nerve ; all the rest teing absorbed in 
the pigment of the sides. Hence it is evident, that as 
no two comcEe on the rounded surface of the compound 
eye can have the same axis, no two can transmit a ray 
of light from the very same point of any object looked 
at ; while, as each of the composite eyes is immovable, 
except as the whole head moves, the combined action 
of the whole 24,000 lenses can present to the sensorium 
but the idea of a single, undistorted, unconfused object, 
probably on somewhat of the same principle by which 
the convergence of the rays of light entering our two 
eyes gives us but a single stereoscopic pictiire. 

The soft bine colour of this Dragon-fly's eyes — as 
also the rich golden reflections seen on the eyes of 
other insects, as the "Whameflies, and many other Dvp- 
tera — is not produced by the pigment which I have 
alluded to, hut is a prismatic reflection from tlie cor- 

Tou would suppose that, having 34,000 eyes, the 
Dragon-fly was pretty well furnished with organs of 
vision, and surely would need no more ; but you would 
be mistaken. It has three other eyes of quite another 
character. 

If you look at the commissure or line of junction of 
the two compound eyes on the summit of the head, yon 
will see, just in front of the point where they sep- 
arate and their front outlines diverge, a minute cres- 
cent-shaped cushion of a pale-green colour, at each 
angle of which is a minute antenna. Close to the base 
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of each antmna there is set in the black skin of the 
head that divides the green crescent from tlie com- 
pound eyes, a glohose, polished knob of crystal-like 
Babstance, mueh like the " bull's-eyes" or hemispheres 
of solid glass that are set in a ship's deck to enlighten 
the side-cabins. On the front side of the crescentie 
cushion there is a third similar glassy sphere, but much 
larger than the two lateral ones. What arc these three 
spherules ? 

They are eyes, in no important respect differing 
from the individuals which compose the compound 
masses, except that they are isolated. The shining 
glassy hemisphere is a cornea of hard transparent sub- 
stance, behind which is situated a spherical lens, lodged 
in a kind of cup formed by an expansion of the optic 
nerve, and which is surrounded by a coloured pigment- 
layer. 

You may study these simple eyes, or sUmmata as 
they are called, in many other insects, though they are 
not 60 universally present as the compound eyes. On 
the forehead of the Honey-bee they are well seen, as 
three black shining globules, placed, as in the Dragon- 
fly, in a triangle. 
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It is always interesting to trace the varied foiina 
and conditiona under whicJi any particuiar function ia 
performed ; and particularly to mark, in creatures very 
remote from lis in the scale of being, the organs devoted 
to the senses whicli are so rei^uisite to our own comfort. 
We have already seen some of these diversities, in ex- 
amples taken from the classes Molliisca and Insects y 
and will now examine some more, as they appear in 
the Crustacea. 

If you look at the head of a Orah, a Lohster, or a 
Prawn, you will see that it is furnished with jointed 
antennfe, like that of Insects ; but whereas in insects 
there is never more than a single pair, in the creatures 
of which I am speaking there are two pairs. In the 
Prawn you may suppose, at first sight, that there are 
four pairs ; but that is because the internal antennie 
terminate each in three many-jointed bristles, in struc- 
ture and appearance exactly like the bnstles of the 
outer pair, two of the three being nearly as long as the 
outer, while the third is short. In the Lobster, the in- 
ternal are two-bristled, both bristles rather short, while 
the external are very long. In the Plat-erabs each pair 
is simple, the inner minute, the outer long. In the 
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great Eatable Crab each, paii- is very small, and they 
ai'e dissiinilar. 

!Naw taking the last-named animal as the repre- 
sentative of liis class, let iis examine one of his inner 
antenntE first. It consists of a jointed stem and a 
terminating bristle ; the latter fnmished with small 
hairs common to the general sm-faco of the body, 
and with long, delicate, membranous filaments {setm), 
often improperly called cilia, which are lai-ger, and 
much more delicate in „ stmcture than the ordinary 
hairs. 

The basal joint is greatly enlarged : if it be care- 
fiilly removed from its connexion with the head, and 
broken open, it will be foimd to enclose in its cavity a 
still smaller chamber, with calcareous walls of a much 
more delicate character that the outer walls. This in- 
ternal shell is considered by JTr. Spence Bate to be a 
cochlea, from its analogy, both in structure and sup- 
posed use, to the organ so named in the internal ear of 
man and other vertebrate animals. It is situated, 
as has been said, in tlie cavity of the basal joint of 
the internal antenna, and is attached to the interior 
surface of its wall farthest from the median line of 
the Crab. It has a tendency to a spiral form, but 
does not pass beyond the Hmits of a single convolu- 
tion. 

If this interior cell does indeed represent the cocMea 
of more highly-constructed ears,^to which it bears 
some resemblance, both in form and stractare, — then it 
seems to identify, beyond dispute, these inner or upper 
antennce as the organs of hearing. 

Now with this conclusion agi-ees well the ntanner 
in which the living animal makes use of the organs in 
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question. The Crab always carries them erect and 
elevated ; and is inceesantly striking the water with 
them, with a very peculiar 
jerking action, now and then 
vibrating, and, as it has been 
called, " twiddling " them. 
These antenuEe, therefore, ap- 
pear to be always on the 
watch: — let tlie animal bo at 
rest, let it bo feeding, no mat- ^^'^ *"" ""'^'^ """ ''^"""'■ 
ter, the superior atennse are ever elevated and on con- 
stant guard. 

Tiie longtliened and delicate aetfe with which they 
are fui'nished, are, moreover, peculiarly adapted to re- 
ceive and convey the most minute vibratory sensations 
from the mediimi in which they are suspended ; and, 
on the whole, it seems to be satisfactorily settled by 
Mr. Spence Bate (to whose excellent memoir* I am in- 
debted for these explanatory details) that the inner an- 
tennfc are real ears. 

Having thus taken our Crab by the eai's, we will 
endeavour next to tweak his nose. But stay, we must 
iind it iirst. We turn our homy gentleman up, and in 
his flat ancient face we certainly discern little sign of a 
nasal organ. Our friend Mr. Bate must assist us 
again. He will tell us to look at the outer or lower 
antennsB. "Wc will look accordingly, magnifier in 
hand, while he makes it clear to us that these are a 
pair of noses. 

Each of these organs is formed of a stem consisting 
in general of five joints, and a filament of many min- 
ute joints. In the Prawn and the Lobster all the five 
* Annuls of Nat. Hist, for July, 1855. 
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joints of the stem are distinct ; tut in the Crab the 
whole are, aa it were, soldered together into a compact 
mass, with difficulty distinguishahle into their constit- 
uent articulations ; while in some species their position 
can he indicated only by the presence of tlic olfactory 
operculum. 

This important little organ varies in its construc- 
tion in the different families of Crustacea. In the 
Crab it is a small movable appendage, situated at 
the point of junction between the second and third 
joints; it is attached to a long calcareous lever-like 
tendon, at the extreme limit of which is placed a set 
of muscles, by which it is opened and closed ; to assist 
in which operation, at the angle of the operculum 
naost distant from the central line of the animal are 
fixed two small hinges. When the operculum is 
raised, the internal surface is found to be perforated 
by a circular opening protected by a thin mem- 
brane. 

In the Prawn, Shrimp, and Lobster, tliere is no 
operculum, but only the orifice covered by a mem- 
brane, which is placed at the extremity of a small pro- 
tuberance, and it is not capable of being withdi'awn 
into the cavity of the antenna, aa in the Crab. 

In the latter animal, the httle door, when it ia 
raised, exposes the orifice in a direction pointing to the 
mouth ; and where there is no door, still the direction 
of the opening is the same, inwards and forwards, an- 
swering to the position of the nostrils in the highei- 
animals. In each case it is so situated that it is im- 
possible for any food to be conveyed into the mouth 
without passing under this organ ; and there most con- 
veniently the animal is enabled to judge of the suit- 
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ability of any substance for food, "by raising tlie little 
door, and applying to the matter to be tested the sensi- 
tive membrane of the internal orifice. 

Thus it is concluded that this lower or outer pair of 
anteimse are the proper organs of emeli, as the upper 
and inner are of hearing.* 

The eyea, though constructed on the same general 
principles as those of Insecte, yet present some partic- 
ulars worthy of your notice. In tlie Crabs and Lob- 
sters they consist of numerous facets, behind each of 
which is a conical or prismatic lens, the round extrem- 
ity of which is fitted into a transparent conical pit, 
corresponding to a vitreous body, while the conical ex- 
ti'emity of these lenses is received into a kind of cup, 
formed by tbe filaments of the optic nerve. Eaeli of 
these filaments, together with its cup, is suiTounded by 
pigment matter in a sheath-like manner. To see this 
sti-uctore would recLuire anatomical skill ; but you may 
here examine with a low power portions of the cor- 
nea, or glassy exterior, of the eye of a Crab and of a 
Lobster. In tbe former, you s5e that the facets 
into which the cornea is divided are hexagonal, like 
those of most Insects, but in the latter they are 



e a fai- greater faculty of c. 
spection than insects have ; for besides the extensive 
convexity and numerous facets of their eyes, these or- 
gans are placed at the exti'emity of shelly foot-stalks, 
which are themselves movable on hinges, capable of 
being projected at pleasure, and of being moved in 
different directions, and of being packed snugly away, 
when not in active use, in certain grooves hollowed 
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oat expressly for them in the front iriargia of the 
BheU. 

If ever you should chance to meet with the exotic 
Crustacea of the genera Coryemm and Sa^Ivvrina, you 
would see a form of eye of a quite remarkable and 
unique character. It is described by Dana in the fol- 
lowing terms : — - 

" A pair of simple eyes consisting of an internal 
prolate lene, situated at the extremity of a vermifoi-m 
mass of pigment, and of a large, ohlate lens-shaped 
cornea. The coraea is connected intimately with the 
exterior shell of the front or the under side of the head, 
and the two comeje are like spectacles adapted to the 
neai'-sighted lenses within ; their size is extraordinary, 
bemg often one-third of the greatest breadth of the 
body in Coryewm. The lens and the cornea are often 
very distant from each other, being separated by a 
long clear space. The external surface of the cornea is 
spherical ; but the inner is conoideo-spherieal, or para- 
bolic. Tlie texture is firm, and when dissected it 
breaks or cuts lite a crystalline Ions. The tme lens is 
always prolate, with a regular contour, excepting be- 
hind, where it is partly penetrated by the pigment. 
The pigment is slender, vermiform, of a deep colour, 
either red or blue, but at its anterior extremity usually 
lighter, and often orange or yellow."* 

"We might find much more both instructive and 
amusing in examining microscopically the structure of 
the higher Crustacea ; but we will now dismiss them 
in order to discuss some of the lower forms, many of 
which are so minute that their whole bodies may be 
watched with ease performing all the functions of life, 
" Kep. on Crust, p. 1028. 
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while confined under our eye, on the stage of the mi- 
croscope. I refer to the tiny active little creatures 
known as "Water-fleas, which are abundant id both fresh 
and salt water. 

In this jar of fresh water which has been standing 
in the window for weeks, you may see among the 
green filaments of Oha/ra many little atoms which 
scuttle hither and thither with a rapid succession of 
short leaps. These belong to the genus Cyclops, and 
are Crustacea, belonging to the order Entomostbaca. 

By the aid of a glass tube which I stop at one end 
witli jny finger, I will endeavour to eatch one. It is 
no easy matter, as you see, for the instant the end of 
the tube is brought near to one, he takes the alai-m and 
leaps nimbly away before I can make the water rush 
in by withdrawing my finger from the other end. But 
I have one at length. 

Here it is : — a minim of life not more than a six- 
teenth of an inch in length, looking something like 
a pellucid egg, furnished with long antennte, with five 
pairs of branching feet, and a long tail terminating in 
bristles. But its parts and organs must not be dis- 
missed in this summaiy way ; we must look at them, 
in detail. 

And first of all, in the very midst of his forehead, 
like that obscene giant* after whom our tiny atom is 
named — he bears a single eye that glares hke a ruby. 
It would need no vast beam of olive-wood sharpened 
and heated in the fire, and " twirled about" by the 
united strength of five heroes, to " grind the pupil 
o\it ; " for though brilliant and mobile, it is far too mi- 
nute to be touched by the tip of the finest needle. Yet 
* OdyKi, IX, 
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it is elalDoratoly constructed ; for it consists of a ntiin- 
ber (not very large) of simple eyea placed teneatli a 
common glassy cornea. Several muscle-bands are at- 
tached to this compound organ of vision, and are ar- 
ranged so as to form a cone, of which the eye is the 
haee ; these give the eye a movement of rotation upon 
its centre, which may be distinctly seen. 

Al l the limhs, including both pairs of antennae, two 
pau's of foot-jaws, five pairs of feet, and a pair of tail- 
lobes, are furnished at each of their many joints with 
tufts of long haire ; these appear to act the part of 
paddles, as the active little animal strikes the water 
vigorously with all its limhs, for the purpose of pro- 
gression, and also for the creation of currents in the 
fluid, which currents subsei-vo a double object, — the 
bringing constant supplies of water to he respired, and 
floating atoms of food to be devoured. 

In this individual, which is a female, the antenn£8 
are nearly equal in size throughout their length ; but 
in the male, the middle joints of tlie upper pair are re- 
markably enlarged, foi-ming a large swelling, followed 
by a sadden contraction, the iji-st part of which is hinged. 
All of the true feet, and the second pair of foot-jaws, are 
divided to the base into two equal branches, so tliat the 
animal seems to possess no fewer than twenty-six limbs : 
each of which being many-jointed, and each joint, as I 
have observed, being set with delicately plnmose hairs, 
the whole effect is most elegantly light and leathery. 

On each side of the slender tail (more correctly, the 
abdomen) you see an oval bag connected with the body 
by an excessively slender thread of communication, and 
filled tensely with pellucid globose bodies. Like John 
Gilpin, of equestrian fame, when 
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" He hung a bottle on each side 
To keep his balance true," 

our little natatory hai-leqnin " carries weiglit." But 
these bags are iilled with eggs, a temporary provision 
fur their due and proper exposure to the water, while 
j'et they are protected from enemies. They are devel- 
oped only at certain seasons, when the eggs having at- 
tained a given amount of maturity in the ovary, are 
transferred through the exceedingly slender tube into 
these sacs, and are tliere carried about by the motlier 
until the young are hatched, when the cunons recep- 
tacles, being no longer needed, are thrown off, and 
speedily decay. 

Here is a second form. It is named Zynceus, and 
is nearly as common as the Oydops in our stagnant 
pools. Essentially its structure is the same, but it has 
this peculiai'ity, that its body is enclosed within a trans- 
parent shell, which is thin and flattened sidewise, and 
through whose walls all the movements and functions 
of its parts are distinctly visible. The shell is broadly 
ovate in outline, comes to a sharp edge above, but is 
open all along the lower half of its circumference — as 
if two wa tell -glasses had been soldei-ed together, edge 
to edge, and then a portion of the semicircumferenco 
had been ground away, so as to leave a tliin but long 
entrance. Tlirough this narrow orifice the limbs are 
pratnidedforloconiotion,andthroughit the surrounding 
water fiude its way in currents, bringing oxygen to be 
respired and food to be devoured. 

The translucent shell descends in front into a sharp 
long beak, below which are seen the organs of the 
mouth, two paire of foot-jaws, beset with fine bristles. 
At the origin of the beak is the eye, consiBting, as we 
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saw ill the Cyclops, of several lenses, enveloped in a 
common cornea, the whole forming a movable organ 
of a blae-bkck hue, Jtist behind this, at the vei-y 
highest part of the shell, is a little colourless bladder- 
like vesicle, which constantly maintains a rapidly alter- 
nate contraction and dilatation. This is the heart, and 
this motion circulates the blood. 

Below this, there is seen a gi-eat translucent irregu- 
lar mass of flesh, evidently comprising many viscera, 
which winds along from one end of the shell to the 
other, nearly occupying its entire area, hut not in con- 
nexion with it at the hinder part, as we see by its free 
movements there, where it curves round, and bending 
beneatlx terminates in a blunt tail, ai-med with two 
strong hooks, which can at pleasure be thrust down 
tlii-ough the naiTow orifice of the shell, and become par- 
tially sti-aighfened by being forcibly thrown backward. 
This great central mass is mainly occupied by the ali- 
mentary canal, in which food in vanous stages of assim- 
ilation may at all times be seen, and in wliiclt the 
interesting function of digestion can be witnessed 
throughout, from the first seizure of the atom and its 
mastication by the jaws, to the discharge of the effete 
remains. 

The individual before us does not cai-ry at this time 
eggs in the process of development ; but the deficiency 
is supplied by a Dapknia which is playing about in tlie 
same drop of water. Here you perceive, between tlie 
arched outline of the shell and the sinuous outline of the 
fi'ee soft body, an open space of some size, which con- 
stitntes a receptacle, in which the eggs are deposited as 
they are laid, and in which they remain not only until 
the little animals are hatched, bat nntil they have ac- 
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quired a sufficient maturity to swim iibont and get their 
independent living. 

This receptacle — in wliicli jon may see five or six 
eggs — -is treely open to tlio suiTounding watur, wliich. 
entei-s the slit edge of the shell, behind the tail. Per- 
haps yon Tponder why the eggs are not washed out hy 
the respiratory currents ; they arc in fact maintained in 




their position only by a slender tongue-like projection 
from the back of the parent, whicii appears to have that 
special object. "Wiien, however, tlie young are read}' 
for freedom, the mother has hut to depress lier body a 
little more than ordinary, when the door is opened, and 
the young easily slip from the receptacle into the open 
water. 

These tiny odd-lookiug sprawling things that you 
see moving about by i^uick jerks in the same drop of 
water, are tlie young recently hatched. They are quite 
unlike their parent, having as yet no bivalve shell, uo 
abdomen, and only three pau-s of limbs. The body is a 
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transparent plate, reseralDliiig the bowl of a spoon in 
form, but ending in two points which cany pencils of 
bristles. The large dark eye is conspienons in front, 
and the six jointed and bristled limbs i-adiate from the 
centre, projecting stiffly on all sides. The second and 
third pair are seen to be double, each giving oif a branch, 
which is pencilled with bristles like the principal ateni. 

We haye not yet done with tlieso tiny Water-fleas. 
The sediment at the bottom of this jar of water is quite 
alive witli a host of nimble atoms, some of which yon 
may see crawling np the sides of the glass. Tliey are 
quite distinct from either of tlie kinds we have been 
examining, not only in details of structure, which is 
more identical indeed than it seems at flret sight, but in 
habit ; for whereas tliey shoot to and fro through tlie 
water with great force and rapidity, tliese can scarcely 
swim at all ; or, if they do, it is with comparative slow- 
ness and much apparent effort ; though over the smooth 
side of their glass dwelling, or upon the stems of water- 
plants, they glide along with much ease and elegance, 
by the qniek vibrations of their pencilled feet. 

The form we are now contemplating is distinguished 
by the name of Cypns, a genus which contains a good 
many British species. It is more completely inclosed 
in a shell than even the Lynceus, and its envelope more 
tndy resembles the shell of a bivalve Molhisk, for the 
valves are open for more than three-fourths of their cir- 
cumference ; while the portion of the back that is united 
is sufficiently elastic to allow of some degi'ee of expan- 
sion, thus answering the purpose of a hinge. 

Now look at the elegant little creature. Its most 
prominent feature is its two pairs of antennte, one pro- 
jecting forwards and curved upwards, the other down- 
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■wards. Both consist of several transparent joint?, and 
are tipped witli long clear bristles ; but the pencils 
■wliicli tip tlie upper pair are specially graceful, being 
as long as tlio whole shell, exceedingly slender, beauti- 
fully curved, and so transpai'ent that they seem formed 
of spun glass. 

Another peculiarity is that there seems to be bnfc 
one pair of legs, wliich terminate each in a hooked 
spine. Yon now and then see these awkwardly thrnst 
out from beneath the hinder part of the slieil, but loco- 
motion is principally effected by the pencilled antcnnte. 




Tliere is, however, a second pair of legs, but these do 
not nsiialty make their appearance outside tlio shell, 
being curved backwards to sustain the ovaries. 

About tliirty years ago an Irish naturalist, Dr. J. 
Vanghan Thompson, announced a discovery, which, 
oversetting conclusions previously received by all, 
caused no little dissent and opposition, and gave rise to 
a lengthened and wide spread controversy. A very 
minute crustaceous animal was known, as inhabiting 
the open sea, to which the name of Zoea had been given. 
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It had sessile eyes, and waa Temarltable for ]iaving a 
]ong spine projecting from the face, and a similar one 
standing up fi-om the centre of the hack. Another form 
waa known, which constituted the genus Megalopa : in 
which tile body was broad, the eyes stalked, and the 
abdomen projecting behind. This was also small, but 
somewhat larger than the preceding. 

]!^ohody suspected that these were other tlian inde- 
pendent forms of animal life, distinct from each other, 
and equally distinct from every known genus of Orus- 
taeea besides. It waa supposed that no animal of this 
class underwent metamorphosis,— or that change of form 
in different periods of life which distinguishes Insects ; 
hut that these creatures retained through life the general 
shape, slightly modified by development of parts and 
organs, which they each displayed when hatched from 
the egg. 

But these conclusions were quite set aside by the 
brilliant discovery of Thompson, that Zoea and Mega- 
lopa were the same animal in different stages of exist- 
ence ; and tliat, moreover, both were but the eai-ly states 
of well-known and familiar forms of larger Crustacea, 
which therefoi-e undergo a metamorphosis aa complete 
as that by which tlie eatei-pillai- changes to a chrysalis, 
and the cln-ysalis to a butterfly, and in every essential 
point parallel to it. 

In tho Cove of Cork this natiu'alist met with a con- 
siderable number of Zoeas, which he kept in captivity. 
Some of these passed into the Megal&pa form, which in 
turn changed to the most abundant of our larger Crus- 
tacea, tlie common Shore-crab {Carcinus mmnas). "Tims, 
in its progi-ess from the egg to its final development, tho 
Crab was proved to pass through two temporary condi- 
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tionsj which had previously been regarded as types, not 
of genera only, bnt of difi'ereiit families ; and both stiik- 
ingly dissimilar from the group to ■which, in its perfect 
state, it belongs." 

I havQ not myself examined the transformations of 
tin's species ; but, as they have been well worked out, 
and as the animal is so abundant everywhere on the 
coast that you may easily verify what has been ob- 
served, I will cito you the elaborate account of Mr. K. 
Q. Conch of Penzance, who has investigated the subject 
with great skill, zeal, and success. 

Having procured some specimens of the Shoi-c-crab 
laden with eggs, juet ready for shedding, h& goes on to 
say, — "these were transferred to captivity, placed in 
separate basins, and supplied with sea-water ; and in 
about sixteen hours I had the gratification of finding 
lai"ge numbers of the creatures alluded to above swim- 
ming about with all the activity of young life. Tliere 
could be but little donbt that these creatures were the 
young of the captive Crabs. In order, howeve]-, to se- 
cure accuracy of result, one of the Crabs was removed 
to anotlier vessel, and supplied with filtered water, that 
all insects might bo removed ; hut in about an hour the 
same creatures were observed swimming about as be- 
fore. To render the matter, if possible, still more cer- 
tain, some of the ova were opened, and the embryos ex- 
ti-acted ; but shortly afterwards I had the pleasure of 
witnessing, beneath tlie microscope, the natural burst- 
ing and escape of one precisely similar in form to those 
found so abundantly in the water. Thus, tlien, there is 
no donbt that these grotesque-looking creatui-es are the 
young of tlie Carcinus vicenas ; but how different they 
are from the adult need hardly be pointed out any fur- 
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ther than by referring to the figure. "VVIion (liey iirat 
escape tliey rarely exceed lialf a line in length. The 
body is ovoid, the dorsal shield large and inflated ; on 
its upper edge and about the middle is a long spine, 
cui-ved posteriorly, and ratlier longer than the diameter 
of the body, though it vai-ies in length in different spe- 
ciiTiene ; it is hollow, and the blood may be seen circu- 
lating through it. Tlie upper portion of the body is 




eap-green, and the lower semi-transparent. Tlie eyes 
are large, sessile, and situated in front, and the circum- 
ference of the pupil is marked with radiating lines. Tlie 
lower margin of the shield is waved, and at its posterior 
and lateral margin is a pair of natatory feet. The tail 
is extended, longer than the diameter of the shield ; and 
is composed of five equal annnlations, besides the ter- 
minal one ; its extremity is forked, and tlie external 
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angles are long, slender, pointed, and attached to the 
last annulation by joints. Between tlie external angles, 
and on each side of the median line, are three lesser 
spines, also attached to the last ring by joints. Between 
the eyes, and from near the edge of the shield, hangs a 
long, stout, and somewhat compressed appendage, 
which, as the animal moves, is reflexed posteriorly be- 
tween tJie claws. Under each eye is another append- 
age, shorter, and slightly moi'e compressed. The claws 
are in three pairs ; each is composed of three joints, and 
terminates in four long, slender, hair-like appendages. 
These claws are generally bent on the body, hut stand 
in relief from it. If the animal be viewed in front, the 
lower margin of the dorsal shield will be found to be 
waved into three semicircular festoons, the two external 
of which are occupied by the eyes, and between which 
tlie middle one intervenes ; the general direction of the 
claws win bo seen to be at right angles to the body. As 
tlie young lies inclosed within the membranes of the 
egg, the claws are folded on each other, and the tail is 
ilexed on them so far ae the margin of the shield, and, 
if long enough, is reflected over the front of the shield 
between tlie eyes. The doi'sal spine is bent baehwards, 
and lies in contact with the dorsal shield ; for the young, 
when it escapes from tlio egg, is quite soft, but it rapidly 
hai'dens and solidifies by the deposition of calcareous 
matter in what maybe called its skin. The progi-ess of 
this solidification may be very- beantifully observed 'by 
watching the circulation in the doral spine. When the 
creature has just effected its liberation from the egg, 
the blood -globules may be seen ascending to the apex ; 
but as the consolidation advances, the circulation he- 
comes more and nioi'o limited in its extent, and is finally 
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confined to the base. These minute creatures, in tliia 
early state of their existence, are natatory and wonder- 
fully active. They are continually Bwimming from one 
part of the vessel to tho other, and when observed free 
in their native pools, are, if possible, even more active 




than when in confinement. Their Bwimming is pro- 
duced by continued flexions and extensions of the tail, 
and by repeated beating motions of their claws ; this, 
together with their grotesc[ue-Iooking forms, gives them 
a most extraordinary appearance when under examina- 
tion. As the shell becomes more solid they get less ac- 
tive, and retire to the sand at the bottom of the vessel, 
to cast their shells, and acquire a new form. They are 
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exceedingly delicate, and require great care and atten- 
tion to convey them through the first stage ; for unless 
tiio water be supplied very frequently and in great 
abundance, they soon die. 

" The second form of transmutation is equally as re- 
marbabio as the first, and quite aa distinct from the 
adult animal. In the species now under consideration 
tliis second transformation is marked hy the disappear- 
ance of the dorsal spine ; the shield becomes flatter and 
more depressed, the anterior portion more horizontal 
and pointed, the three festoons having disappeared. 
Tlie eyes, from being sessile, are now elevated on foot- 
stalks, tlie infra-orbital appendages teeome apparently 
converted into antennje. The claws undergo an entire 
revolution ; the firat pair become stouter than the others, 
and arc armed with a pairof nippei-s," tlie others being 
simple ; " but the posterior pair ai'e branched near the 
base, and one of the branches ends in a busliy tuft. The 
tail is greatly diminished in its relative size and propor- 
tions, and is sometimes pailiially bent under the body, 
but is more commonly extended. This form is aa nata- 
tory as the first. Tlioy are frequently found congregat- 
ing ai'ound floating sea-weed, the buoys and strings of 
tlie crab-pot marks, and other floating substances, both 
near the shore and in deep water. Their general form 
somewhat resembles a Galathea." * 

Thus under Mr. Ooucb's eye tbe Zoea bad changed 
to a Megalopa ; and tbis latter became after a short 
time a Crab, in which were all the characters that be- 
long to the order to which the parent belongs ; but 
not tliose of the genus, nor even of the family. Its 
form bore a close resemblance to that of the Sargasso 
* Kep. Cornw. Poljt. Sgc. 1813. 
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Crabs {Grapsidw) ; for tlie shield, instead of "being 
large and arched in front, and narrowed behind, waa 
nearly Bqnare, while the front was (taking in the eyes) 
almost straight, the lateral angles mueh advanced. 

This Crab, however, was still very niinnte ; and 
many sloughings were before it. In the course of these 
it was destined gradually to attain not only the dimen- 
sions of its parents, but also their fonn. This, how- 
ever, would be matter of development, rather than 




metamorphosis : the lateral outluies of the shield would 
more and more approach each other behind, while the 
series of points that now belonged to these lateral out- 
lines would become tlirown into the front margin, 
which would by degrees assume an arched form, as 
you may see in this figure of the adiilt Crab. 

Though I cannot at this moment show you speci- 
mens of the Carcimts in its earlier stages, yet I have 
here a good number of the Zoeas of one of those inter- 
mediate forms which ai-e the connecting links between 
the Crabs and Lobsters : — I mean Qalathea. The 
adult animal is of a broad squat form, something like 
what you might suppose a Lobster to be, if it had been 
flattened between two stones, without being actually 
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destroyed, We liave two or three species, one of whieli 
is adorned with hriUiant scarlet and azure paintings ; 
but I cannot tell to ivhieli of them all this infant form 
helongs. 

You perceive that there is a general similarity he- 
tween these transparent little creatures, and the Zoea 
described hy Mr. Ooucli ; hnt there are great difler- 
enees in detail. The glassy shield or carapace shoots 
out in front in a etiff, inflexible, veiy fragile spine. 




Tliis is perfectly straight, and nearly thrice the length 
of the whole shield. It is beset, on various lines on its 
surface, with short slender spinules jointed to shoulder- 
like angles, and not serratures. Its interior is perfo- 
rated by a canal, which dilates and narrows irregularly. 
Tlie carapace posteriorly is semi-oval, projecting a trans- 
pai'ent convex vault far over the part "where the ab- 
10 
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domeii is attaelied to it, as is Been when the latter benda 
down. Its extremity gradually tapers into two straight, 
sub-parallel, stiff spines, about as long as the cai-apace 
itself, each terminating in a hooked point. 

The abdomen ends in a spinous plate, which is very 
elegantly lozenge-shaped, and beset with spines. Each 
of the two latero-posterior edges of the lozenge is cut 
into six rectangular teeth, and each tooth bears on its 
hiader face a long spine articulated to it, and most del- 
icately plumose all along its sides. The hindei-most 
pair of spines are short, and are set close together, aide 
by side. Besides these jointed spmes, each latei-al 
angle of the caudal lozenge-shaped tail-plate projects 
into a spine-like tooth. 

Though the individuals before us are all in the sajne 
state as to the stage of their development, there is 
Bome difference in size, indicating, doubtless, a corre- 
sponding diversity in age. "We will isolate a few of the 
largest, and put them into a glass ti'ough for micro- 
scopical examination. 

The largest, during the few minutes which I have 
occupied in tlie process of dipping them out, has undei'- 
gone a metamorphosis. You observed that, after skip- 
ping about the trough for a few moments, it sank quietly 
to the bottom, where it lay on its back ; the next thing 
that you see is a much more crab-like animal, more 
opaque, redder, much lai'ger, but lying on its back in 
the very spot where a moment before you bad seen a 
Zoea y while close by it lies the ti-ansparent filmy skin 
■which has been cast off. 

The new animal is evidently now in its final state, 
needing only development of its parts, which it would 
obtain, if in freedom, by successive moults, to aei^uire 
the adult form. 
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If wa now submit the exuviie in detail to a power 
of 220 diameters, we sliall obtain some interesting 
views of the stmctnre. The slough of the eyes in par- 
ticular presents one of the most exquisite objects that 
you can behold. Tlicy are somewhat pear-shaped, 
with the facetted portion well defined. It is the ap- 
pearance of these facets, varying according as the per- 
fectly hexagonal outline of each or the smooth and 
glossy convexity comes into focus, that is so peculiarly 
charmmg. 

Eetui-ning now to the examination of one of the liv- 
ing Zoeas, you perceive that the three pairs of pencilled 
limbs do not represent any of the true legs ; for the 
ti'aDSparency of the integuments allowing the interior 
to he cleariy seen, and the organs of the imago being 
matured and just ready for sloughing, you discern, with 
the most beautiful distinctness, the fingered claws 
(short and stumpy, it is true, as compared with their 
perfect form in the newly freed imago) folded down 
upon the breast within the skin, the second pair as 
large as these, and traces of others beneath them, — all 
these forming two great projecting lobes. Shghtly 
movable, beneath the thorax of the Zoea, and oc- 
cupying a bulk nearly equal to that of the whole 
shield. 

The circulation of the blood is beautifully clear. 
The pellucid colourless globules chase each other by 
starts to and fro, as the eye rests on the outgoing or 
returning current It is distinct in some parts where 
you would scarcely have looked for it ; as all over the 
lozenge plate of the tail, m the interior of the eyes, 
throughout the posterior spines of the shield, and the 
frontal spine. But besides, and apparently indepen- 
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dent of the circulation, tlieve is a singnlai- fusiform 
vessel in the latter segments of the abdomen penetrat- 
ing the tail-plate, on tlie ventral side. This vessel, now 
and then, at irregular intervals, dilates quickly and 
closes ; the wave proceeding upwai'd toward the head, 
but only for a short distance, and unattended with any 
impulse to the blood-globules. The nature of this 
vessel, and its use in the economy of the infant Crab, 1 
can in no wise explain. 



Hooted by Google 



CHAPTER XII. 



Ton cannot have waiiderRd among the rocks on our 
Boiithem or western coafits, when the tide is out, with- 
out having ohsei-ved that their whole surface, up to 
a certain level (often very precisely defined), is rough- 
ened with an innumerable multitude of little brownish 
cones. If you have ever thought it worth while to 
examine them with more care, you have seen that, 
crowded as they are, so thicHy that frequently they 
crush each other out of their proper form and pro- 
portions, they are all constructed on the same model. 
Each cone is seen to he a little castle, built up of stony 
plates that lean towai-ds each other, but which leave 
an orifice at the top. Within this opening, provided 
the castle be tenuated by a living inhabitant, you see 
two or three other pieces joined together in a pecu- 
liar manner, which are capable of separating, but 
which, when brought together, effectually close up all 



Perhaps you have never pushed your investigations 
farther than this, having a courteous respect for the 
feelings of tihe inmate, which has prevented your in- 
truding on a privacy so recluse. But I have been less 
considerate ; many a time have I applied the steel 
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chiael and hammer to the solid rock, and having cut 
off some projecting piece or angle, have tmnsfeiTed it, 
all covered with its stony cones, to the interior of a 
glass tank of sea-water, for more intimate acquaintance 
with the little builders at leisure. 

These are Barnacles {Balanidd). Such a colony 
I have now in my posaession, which. I will submit to 
you, for they present a heautiful and highly interest- 
ing spectacle, when engaged in their ordinary employ- 
ment of fishing for a subsistence. And not only so, 
but I have living specimens of a much lai'ger and finer 
species than the common one,- — 'the Balam/ua porcalms, 
whose castle stands an inch or more in height. The 
stmcture, however, and habits are pretty much the 
same in both. 

Without diatnrbing the buay fishers, then, just take 
your seat in front of this tank, and with a lens before 
your eye, watch the colony which is seated on that 
piece of stone, close to the glass side. From one and 
another, every instant, a delicate hand is thrust forth, 
and presently withdrawn. Fix your attention on some 
one conveniently placed for observation. It is now 
closed ; but in a moment, a sHt opens in the valves 
within the general orifice, displaying a black lining 
with pale blue edges ; it widens to an oval ; the pointed 
valves are projected, and an apparatus of delicate 
cmled filaments is thrust cLuickly out, expanding and 
uncurling as it comes, to the form of a fan ; then in an 
instant more the tips of aU the threads again curl up, 
the threads collapse, and the whole apparatus is quickly 
withdrawn, and disappeai-s beneath the closing valves. 
The next moment, however, they re-open, and the 
little hand of delicate fingers makes another grasp, and 
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so the process is continually repeated ivhile this season 
of activity endures. 

Now, by putting this specimen into a glass trough, 
and placing it under a low power of the microscope, 
we shall see what an exquisite piece of mechanism it 
is. The little hand consists of twenty-four long fingers, 
of the most delicate tenuity, each composed of a great 
number of Joints, and much i-esembling in this respect 
the antennte of a Beetle. These fingers surround the 
mouth, which is placed at the bottom of the sort of im- 
perfect funnel formed by their divergence. They re- 
solve themselves into sis pairs of arms, for each one is 
branched from the basal joint, dividing into two equal 
and similar portions. Those nearest the mouth are the 
shortest, and each pair increases regulai-ly in length to 
the moat distant, which are the central pair when the 
hand is extended. Each division of each of tins longest 
and most extensile pair comprises, in the specimen be- 
fore us, thirty-two joints, while the shortest consists of 
about ten, the intermediate ones being in proportion ; so 
tliat the whole apparatus includes nearly iive hundred 
distinct ai-ticulations, a wonderful provision for flexi- 
bility, seeing that every joint is worked by its own 
proper system of muscles. 

Moreover, every separate joint is furnished witli its 
own system of spinous haira, which are doubtless deli- 
cate oi-gans of touch, since it has been established that 
the hairs with which the shelly coatE of Crustacea ai'e 
studded, pass through the substance of the latter, and 
communicate with a pulpy mass, richly supplied with 
nerves, which lines the shell.* These hairs project at 
a more or leas wide angle from the axis of the fingcr- 
" Proo. Royal Society, ii. 215. 
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like iihmiGiit, and are graduated in length; and ivhat 
is veiy striking, as iliuslratiiig tlie exquisite workmau- 
slup of the Divine hand, the 
\l i^i haira themselves are coinponnd 

jtf** *^»j stinchires; for under a high 

" " power they eeeiu to be composed 

of nnmerons Joints — an ilUisory 
appearance probably, wliat look 
like joinlB being rather siicces- 
Biv e shonldei's, or projections and 
constrictions of the oniline — 
■while each shoulder carries a 
whorl of finer spines, lying near- 
, Ij close to th.e main hair, and 
bcticely deviating from its gen- 
enl direction. This barbed 
fctiucture of tlie haire is chiefly 
scon towards their attenuated 
extiemities. 
And now do yon ask — What is the object of this 
elaborate contrivance, or rather series of contrivances ? 
I answer— It is the net with which the fisher takes his 
food — it is his means of living. Tou have seen that 
the animal has no power of pursuing prey : he is im- 
movably fi'^ed to the walls of his castle which is im- 
movably h\ed to the solid rock. He is compelled 
therefoie to fcnbtist on tv hat passes his castle, and on 
what he cin catch is he sits in liis doorway and casts 
]iis net at iindom 

Ton "ivi, ilso ^Mth what a regular perseverance 
the casts were made ; and now that yon have examined 
in detail the construction of the net, yon are prepared 
to appreciate its fitness for the work assigned to it. 
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Its extreme ilexiljility, produced by the iminber of its 
joints, enables tbe fingers of the hand, or the threads 
of the net (which you wili) to stretch out or to curl up 
alternately, ■while the number of the divergent fingers 
enables the animal to gi-asp a coioparatively large hulk 
of water in those curling organs. These, then, form a 
sieve ; the water passes through the interatices of the 
fingei-s, while the tuiy atoms of solid matter, or the 
equally minute animalcules that constitute the food of 
the Barnacle, are sifted out, and detained by the fingers, 
which curling inward carry whatever is captured to 
the mouth. 

But see how gi-eatly the perfection of the instra- 
ment is enhanced by the projecting hairs with which 
every one of the numerous joints is beset. These, 
standing out at right angles {or nearly so) to the direc- 
tion of the finger, meet their fellows from the joints of 
the next finger, and crossing their points, fill the inter- 
stices with an innumerable series of finer meshes, — 
meshes of such delicacy that it is next to impossible that 
any organized body inclosed in the given area should 
escape. 

But there is more in them than merely this minute 
and wide-spread ramification. They ai-e, as we have 
seen, organs of touch ; so that the net has not only the 
mechanical power of captuic, common to an inanimate 
cast-net which a human fither uses, hut is endowed 
with the moat exquisite sensibility in eveiy part. The 
slightest contact of "m animalcule in the inclosed water 
with one ol those thousands of sensitive hairs, com- 
municates mstantlv an impression to the sensorium, 
and a consciousness of the fact to the Barnacle ; who 
is thus \^ithout doubt, able with the quichness of 
10* 
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thought to close the fingers together at tliat part, and 
thus secure the victim. 

To make use of the prey thus secured, the Baraacle 
is furnislied witli a moutli, which can be proti-uded 
into a sort of wart, and is provided with a distinct lip 
beaiing minute palpi, and three pairs of jaws, of which 
the two outer are homy and toothed, while the inner- 
most is soft and fleshy. 

!Fixed and immoveable as the Barnacles are in their 
adult and final stage, they have passed by metamor- 
phosis through conditions of life in which they were 
active roving little creatures, endowed with the power 
of swimming freely in the wide sea. In this condition 
tliey present the closest resemblance to famiKar forms 
of Crustacea,, as yon will perceive when you examine 
some specimens of the larvse that I am able to show 
you. 

I have in one of my tanks an individual of the fine 
and large Barnacle, Saianus iporcaius, wliich for sev- 
eral days past, has been at intervals tlirowing out from 
the orifice of its shell dense clouds of atoms, which 
form compact columns reaching from the animal to the 
sui-face of the water. One of tliese cloudy columns, 
when examined with a lens, is seen to be composed 
of thousands of dancing creatures resembling the 
"Watei'-fleas that we lately examined. They main- 
tain a vivacious motion, and yet at the same time 
keep their association and the general form of the 
column. 

Taking out a few of the dancing atoms, and isolat- 
ing them in this glass stage-cell, we see that they have 
exactly the figure, appearance, and character of the 
young of the common Oyd^ps, so that you would. 
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witlnut lie-iitition jt you ] new notiiing of their pa- 
rentasje, assign them ty thit -well-known genus. Tlieh 
movements aie ahnost mcesaant, a series of jerking 
progressions performed by qnick but apparently laho- 
rioufi flappings of the limbs right and left together. 
They occasionally rest fiom their exertions for a few 
momenf*, but seem to h'n e no power of alighting on 
anj object 

But in order to obtain a more precise idea of the 
etnieture of this tiny creature, we must manage to 
restrain its Kberty a little, by applying gentle pressure 
with the compressorium, jnet sufficient to confine it 
without hurting it. The body is inclosed in a broad 
carapace, shaped much like a heraldic shield, but veiy 
convex on the back, and terminating behind in a slen- 
der point or spine, which is cut into minute teeth along 
the edges. Below this shield is seen the body, with 
three pairs of legs, a great proboscis in the middle 
pointing downwards and backwards, and the anal fork, 
which consists of a bulbous base and two diverging 
points, which project behind under the spine of the 
sliield. 

The legs ai-e exclusively sveimming organs ; they 
have no provision for gi-asping, no claws or hooks, nor 
do they appear to be capable of being used for crawl- 
ing on the gi'ound or for climbing among the sea-weeds. 
They are fringed along one edge with long and stout, 
hut somewhat flexible spines, of wliich tliose that are 
nearest the tnmk seem more rigid, and are directed 
more at right angles to the limb than the rest. The 
legs are formed of many imperfect joints, and the 
second and third paira are double from the basal joint 
ontwards, while the first pair are simple. In the fore 
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part of the body a large eye is placed, deep-seated, 
which is of a roundish form, and is intensely black, 
both by reflected and transmitted light. On tlie sum- 
mit of the forehead are placed a pair of thick flexible 
horn-like organs, wliich are abniptly bent in the mid- 
dle, and which I believe represent the first pair of 
antenniE. This then is the first stage of the Barnacle, 
— the form under which it appears when it is hatched 
from the egg. 

Among the mnltitudes wliicli have been evolTed 
during tliese last few days, and which are now swim- 




ming at large in the tank, we may be able to detect 
some tliat have pa^ed tliroiigh their first stage, and 
having moulted their skin have attained a more ad- 
vanced form. Here is one, whieli by its superior size 
seems to ]iave made some progi-ess towards maturity. 
Yes, here are more. These are evidently in their 
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second stage. There is an increase in length ; for 
whereas the former was only ~[\-s& of an inch in length, 
these have attained to a length of j\iii of an inch. 
Yet this increase is observable in no other dimension 
than that of total length, and this is dne to tlie devel- 
opment of the tenninal spine of the shield, which is 
now mnch prodiiced, and cnt into minnte teeth. The 
anal fork is also attennated, lengthened, and bent 
abraptly downward at the base, where it is very mo- 
bile ; another bend in the middle throwing the extrenir 
ity into the horizontal again. The delicately mem- 
branons ponch-like proboscis is more -clearly seen be- 
neath tlie breast, the extremity of which is directed 
backwards. In front of this organ there are two de- 
curved very mobile bristles, set on pedieles, the whole 
closely resembling the internal antennFe in the higher 
Cnistacea, The lateral horns or external antennsE 
appear to terminate in a very delicate brush of hairs, 
which does not seem to be protnisile. 

The little animals in this state swim, generally, 
back downward ; though they frequently assume a 
perpendicular position, both direct and reversed. I sec 
them now occasionally resting on sea-weeds and Diaio- 
maoecB, though the limbs seem even worse fitted than 
before for crawling, since the spines or bristles with 
which they are fringed are much increased in length, 
especially on the third pair. 

A specimen nearly twice as large as this last affords 
lis an opportunity of tracing the Barnacle to another 
point of its transformations. The modifications are 
chiefly in the proboscis and the anal fork. The former 
now points directly downwards, is furnished with & 
pair of minute spines on its anterior side, and with a 



Hooted by Google 



230 EVENINGa AT THE MICEOSCOPE. 

terminal hook ; while its posterior aide is set with 
strong vibrating cilia, Tlie anal fork is greatly in- 
creased in dimensions, has its edges armed with spines 
ai'tienlated to its surface, and is marked with longi- 
tudinal lines which resemble con'ugations. Tlie under- 
snrface of the body is also much comigated trans- 
versely. 

In the first moult the spine of the shield was greatly 
increased, the size of the body itself remaining station- 
ary ; in the seond moult the ratio is reversed, the body 
has largely increased, but the spine is nearly in statu 
quo. 

We cannot follow the metamorphoais any farther 
by personal observation, but from the researches of 
others, and especially of Mr. Darwin, we know that 
other stages have to be passed before the final fixed 
condition is attained. As yet no appreciable advance 
has been made, by either of the two moultings which 
■we have traced, from the free, jerking, dancing "Water- 
flea that was first hatched, towards the sessile Bai"- 
nacle inclosed in its shelly cone of several valves, 
and firmly fixed to the solid rock ; and we are yet 
at a loss to imagine how sxich a change can be ef- 
fected. 

ISoi- is the matter apparently helped by the next 
monlt ; for though there now ensues a great change of 
form, it does not seem to resemble the adult Barnacle 
much (if at all) more than before. If described with- 
out reference to its parentage, it would still be con- 
sidered an Entomostracous Crustacean, or Water-flea, 
but removed to another Tiibe. It represents, in fact, a 
G'jpris ; * the body with its fringed limbs being now 
* See figure on page 209.. 
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included within two convex valves, like those of a 
mussel or other bivalve shell, either united hj a hinge 
along the back, or rather soldered together there, so aa 
only to allow a slight opening and closing by the elas- 
ticity of their substance. The fore part of the head is 
now greatly enlarged, as are also the antennfe, which 
project from the shell. The single eye is separated into 
two, which are large and attached to the outer ai-ms of 
two bent processes which are placed within the body, 
in the form of the letters U U- The legs are increased 
by the addition of two pairs, and these are doubly 
bent in a zig-zag form, and can be protruded from be- 
tween the valves. 

It is a highly cuiious fact that the infant Bai'nacle 
has thus passed through two distinct types of animal 
life, the Gyclops and the Oypris. These are not one 
type in different stages, ^ might be reasonably pre- 
sumed. The yoimg of Da/phnia and of Cyclops are so 
much alike, that it would be natural to presume the 
young of Oypris to be of the same form ; in which 
case, we should have in the yoimg Barnacle merely the 
first and second stages of Cypris. But it is not so. 
Oypria does not pass thi-ough the Cyclops form at all ; 
for, accoi'ding to Jurine, the young when hatched have 
the appeai'ance of the perfect animal, though varying 
a little in the shape of theii' shells. 

It is in this second form, which may be considered 
the pupa of the Barnacle, that the animal quits its free 
roving life, and becomes a fixture for the remainder of 
its days. And this is a most wonderful process ; so 
wonderful, that it would be utterly incredible, but that 
tlie researches of Mr. Darwin have proved it incontest- 
ably to be the means by which the wisdom, of God has 
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ordained tliat the little Water-ilea should be trans- 
formed into a stony Aconi Eamacle. 

Having selected a auitahle place for fixing its resi- 
dence — such as those jnassive rocks which sustain the 
impetuous billows on our sea-worn coasts — the great 
projecting antenna ■ manifest a new and unprecedented 
function. Glands situated at their base secrete a tena- 
cious glue, which, being poured out in gi-eat profu- 
sion, cements the whole front of the head to the rock, 
including and concealing the antenuEe themselves. Tlie 
cement rapidly sets under water, and the animal is 
henceforth immovable. 

It now moults its skin once more. Anothei' gi'eafc 
change takes place ; the bivalve shell is thrown off, aa 
are also the eyes with theii' bent suppoiis, and it is 
seen to be a true Earnacle, though as yet of minute 
dimensions, and with its valves in a veiy rudimentaiy 
condition. It is now the representative of a third type 
among the Crustacean forms, for it is in effect a Stoma- 
pod ; such as the Opossum Shrimp {Mysis), for ex- 
ample, with the shield composed of several pieces, 
stony in texture, on account of the great development 
of their calcareous element, and so modified in form as 
to make a low cone the legs (become tlie cirri, or what 
I have above called the " fingers") made to perfoiTti 
their movements backwai-ds instead of forwards, and 
the whole abdomen reduced to an almost invisible 
point. 

Marvellous indeed are these facts. If such changes 
aa these, or anything approaching to them, took place 
in the history of some familiar domestic animal — if 
the horse, for instance, was invaiiably born under the 
form of a fish, passed through several modifications of 
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this form, imitating the shape of the perch, then the 
pike, theii the eel, by successive castings of its skin ; 
then by another shift appeared aa a bird, aud then, 
glueing itself by its forehead to some stone, with its 
feet in the air, threw off its covering onee more, and 
became a foal, which then gradaally grew into a horse ; 
— or if Bome veracious traveller, some Livingstone or 
Bartii, were to tell lis that such processes were the in- 
variable conditions nnder which some beast of burden 
largely used in the centre of Africa passed, — should we 
not think them very wonderful ? Yet they wotild not 
be a whit more wonderful in this supposed case than in 
the case of the Barnacle, in whose histoiy they are 
constantly exhibited in millions of individuals, and 
have been for ages, — even in creatures so common that 
we cannot take a walk beneath our sea-cliffs, without 
treading on them by hundreds I 
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CHAPTER XITI. 



, I am sure, are not favouiites with you. 
"With the exception of the poor prisoner in the Bastile, 
who had succeeded in taming a Spidei" — the only crea- 
ture besides himself tliat inhabited his dungeon — I do 
not think I have ever heai'd of any one who loved or 
admired Spiders, morally. Yet, physically, we may 
find much to admire in them, as not a few natm'alists 
have done before us ; there are men who have devoted 
their lives to the study of this unamiable race, and 
who have discovered in them the same wondrons 
skill, and the same perfect adaptation of organ to func- 
tion, of structure to habit, that mark all God's works, 
whether we think them pretty or ugly, amiable or re- 
pulsive. 

I am going to show you some of these pieces of 
mechanism. Hemember that the whole tribe is sent 
into the world to perform one business, — they are com- 
missioned to keep down what would otherwise be a 
" plague of flies." They are fly-butchers by profession ; 
and just as oar beef- and mutton-butchers have their 
slaughter-house, their steel, their knives, their pole-axe, 
their hooks, so ai'o these little slaughterers furnished 
with nets and traps, with eaves, with fangs, and hooks, 



Hooted by Google 



SriDEES AND MriES. 235 

and poison-laags, ready for their constant work. Tliey 
have, in fact, nothing else to do : their whole lives are 
spent in slanghtering — with the exception of rearing 
fresh generations of alaughterei-s — and I suppose they 
think, and are intended to think, of nothing else. 

I was one day ip. an omnihns, in the comer of which 
sat a hutclier. Presently a man got in, whose blue 
gingham coat indicated the same trade. He seated 
himself opposite the other, and the two were soon in 
conversation. " Do yon know Jackson ? " says A. 
" "No" says E ; " where does he slaughter ? " The 
reply gave me a new idea ; he evidently considered 
that " slaughtering " was the only occupation worthy 
of a man, and therefore the only one worthy of man's 
thought. Spiders are just the same. If an Epeh-a met 
a Chtbiona, probahly the firat interchange of civilities 
would be something like — " Where do you slaughter ! " 

" No one," says Professor Rymer Jones, " who 
looks at the armature of a Spidei^'s jaws can mistake 
the intention with which this teiTible apparatus was 
planned. ' Murder' is engraved legibly on every piece 
that enters into its composition." But surely the Pro- 
fessor is rather severe. I do not think this paragraph 
was written on an autumn morning, when the flies had 
driven him out of bed prematurely early, by incessantly 
alighting on his nose ; nor on coming home from a 
summer evening's walk thi-ough the marsh, when 
clouds of singing and stinging gnats had been the only 
objects of cognisance to sight, hearing, and feeling. If 
so, he would have been ready to pronounce " killing no 
miirder," and have blessed the slaughtering Spiders as 
pursuing a most praiseworthy and useful occupation. 
Circumstances change opinions. 
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We will not tlien touch tlie moral question ; but 
just look at this apparatus from the head of one of our 
common Spiders {Clubiona atrox), a long-legged and 
swift species, that builds a compact cloth-like web in 
our out-housee, with a galleiy open at each end for re- 
treat in danger. The specimen is a part of the slough 
or cast skin, which you may always find in the neigh- 
bourhood of such a web ; and it jb particularly suitable 
for examination, because it is sloughed in the moat per- 
fect condition ; every part, the fangs, the palps, the 
legs with all their joints, the comefe of the eyes, the 
entire skin with every hair, — all are here, and all in 
situ, with a cleanness and ti'ansluceney which it would 
require much skill in dissection to obtain, if we cap- 
tured a living Spider for our purpose. 

There are in front of the head two stout brown or- 
gans, which are the representatives of the antennfe in 
insects ; though very much modified both in form and 
function. They are here the effective weapons of 
attack. Each consists of two joints: the basal one, 
which forms tne most conspicuous portion of the organ, 
aiid the terminal one, which is the fang, Tlie former 
is a thick hollow case, somewhat eyhndrical, but flatr 
tened sidewise, foimed of stiff chitine, covered with mi- 
nute transverse ridges on its whole surface, like the 
marks left on the sand by the rippling wavelets, and 
studded with stout coarse black hai]-. Its extremity is 
cut off obliquely, and forms a fuiTow, the edges of 
which are beset with polished conical points resembling 
teeth. 

To the ripper end of this furrowed case is fixed by a 
hinge-joint the fang, which is a cuiwed claw-like organ, 
foiTQed of hard chitine, and consisting of two parts, a 
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Bwollen oval base, which is highly pohshed, and a more 
slender tip, the surface of which has a silky lustre, 
from being covered with very fine and close-set longi- 
tudinal groovee. This whole organ falls into the fan-ow 
of the basal joint, when not in nse, exactly as the blade 
of a clasp-hnife shuts into the liaft ; but when the ani- 
mal is excited, either to defend itself or to attack its 
prey, the fang becomes stifily erected. 

By turning the object on its axis, and examining 
the extreme tip of the fang, we see that it is not 
brought to a fino point, but that it has the appearance 
of having been cut off slant-wise just at the tip ; and 
that it is tubular. Now this is a provision for the 
speedy infliction of death upon the victim ; for both 
the fang and the thick basal joint are permeated by a 
slender membranous tube, which is the poison duet, 
and which terminates at the open extremity of the 
former, while at the other end it comraiinicates with a 
lengthened oval sac where the venom is secreted. This 
of course we do not see here, for it is not sloughed with 
the exuvife, but retained in the interior of the body ; 
but in life it is a sac, extending into the eepJudo-tkorax 
— aa that part of the body which carries the legs is 
called — and covered with spiral folds produced by 
the an-angement of the fibres of its contractile tissue. 

When tlie Spider attacks a fly, it plunges into its 
victim the two fangs, the action of which is downwai'ds, 
and not from right to left, like tliat of the jaws of In- 
sects, At tlie same instant a drop of poison is secreted 
in each gland, which, oozing tlirough the duct, escapes 
from the perforated end of the fang into the wound, and 
rapidly produces death. The fangs are then clasped 
down, carrying the prey, which they powerfully press 
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against tlie toothed edges of tlie. stout basal piece, by 
wliieb means the nutritive fluids of the prey are pressed 
out, and talien into the 
month, when the dned and 
empty sbiii is rejected. 
The poison is of an acid 
iiatme, as experiments 
performed with irritated 
spidei-s prove ; litmns-pa- 
pel pierced by them be- 
comnig red as far around the perforations as tlie emitted 
fluid spreads. 

In the slough, the upper surface of the eephalo- 
thorax is always detached as a thin plate, convex out^ 
wardly, concave inwardly. As it is upon the front 
portion of this division of the body that the eyes are 
situate, the slough displays these with great clearness 
and beauty beneath the microscope. Here yon may 
see them. Tlie whole slough from its tliinness is semi- 
pellncid, bnt tlie eyes transmit the light with- brilliance, 
not howevei- as if they were simple round holes, because 
you can discern very manifestly a hemispherical glassy 
coat, by which it is refracted. 

It is, however, when we examine the forehead of a 
Uving or recently killed spider, that we see the eyes to 
advantage. In this example of the same species {Oltih- 
iona at/rox), you see them, like polished globes of dia- 
mond, sunk into the solid skin of the head. Their foi-m 
is unimpeachably perfect, and the reflection of light 
from their surface most brilliant. 

The arrangement of these lustrous eyes is worthy of 
attention. They are generally eight in number in 
Spiders, but their relative position varies so much, as to 
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afford good charactei-s "by whieh naturalists have 
grouped tliem in genera. In the Clubiona which we 
have been examining, they are placed in two nearly 
straight ti-ansverse rows on the forehead ; bnt as this 
surface is coiiTex, it follows that the axis of every eye 
points in a different direction from that of its fellows. 
In Epeira, on the other hand, — represented hy our 
groat Gai-den Spider so commonly seen in the centre 




of it^5 perpcndiculai wch, on shrubs and m comers of 
our gai dens,-— the fonr middle eje^ toim i Rquaie, and 
the two lateral ones on each side aie pl'wed m contact 
with each othei 

It 18 interesting to remiik thit their anangement is 
not arhitiiy, hut is ancillary to the varying mstmcts 
and wants ot the difteront kinds On this subject I 
will quote to yon what Professor Owen says : — " The 
position of the four median ones is the most constant ; 
they generally indicate a square or trapezium, and may 
be compared with the median oceZU in hexapod insects. 
The two, or the two pairs of lateral ocelli may be com- 
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pared with the compotind eyes of insects ; the antei-ior 
of these has usually a downward aspect, whilst the 
posterior looks backwards ; tlie variety in the an-ange- 
ment of the ooelU of Spiders always bears a constant 
relation to the general conformation and habits of the 
species. Dnjes has observed tliat those Spiders which 
hide in tubes or lurk in obscure reti'eats, either under- 
ground or in the holes or fissures of walls or rocks, 
from which they only emerge to seize a passing prey, 
have their eyes aggregated in a close group in the middle 
of the forehead, as in the Bird-spider, the Clotho, &c. 
The Spiders which inhabit short tubes tei^inated by a 
largo web exposed to the open air, have the eyes sep- 
arated, and more spread upon the front of the cephalo- 
thorax. Those Spiders which rest in the centre of a 
free web, and along which they frequeiitly traverse, 
have the eyes supported on slight prominences which 
permit a gi-eater divergence of their axes ; this struc- 
ture is well marked in the genus ThomAsa, the species 
of which lie in ambuscade in flowers. Lastly, the 
spiders called Errantes, or wanderers, have their eyes 
still more &cattered, the lateral ones being placed at the 
margins of the cephalo-tliorax." * 

The shining hemisphere (or nearly a sphere) is in 
each case covered with a tliick cornea, a continuation 
of the skin, perfectly transpai'ent, and throwing off its 
outer coats successively in the process of moulting, 
like that of the rest of the body. The centre of its 
inner surface is deeply excavated for the reception of a 
crystalline lens, which is globular in form, and which 
rests behind on the front surface of a hemispherical vit- 
reous body, without sinking into it. The space between 
• Comp. Anat. {Ed. 2) p, 4S1. 
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tliis body and the side of the lens foiins a ring-like 
channel which is fiUed with an aq^ueous hunioui', and 
into this projects a circular process of the thick pigment- 
coat, which corresponds to the choroid, thus defining 
the pupil of the eye, and at the same time confining 
the lens to its proper situation. The margin of this 
pigment-ring may be considered as an iris, and is of 
various colours, as red, green, or brown in those species 
■which are active by daylight, while it is black at the 
back of the eye. The nocturnal species have no dark 
pigments, but are furnished with a curtain {tapeiurn), 
which reflects a brilliant metallic lustre, and makes the 
eyes of these Spiders glare in the twilight, lOte those 
of cats. 

It will be interesting to compare with this range of 
eyes, the same organs in a kindred animal, the com- 
mon Harveatman {PhMangiuTn corwutwrn). Here in 
the centre of the cephalo-thorax rises a short pillar, 
which is crowned with two rows of conical points, with 
polished black tips. On each side of the pillar is a 
large black eye, hemispherical in form, and brilliantly 
glossy, exactly resembling, indeed, those which we 
have just examined. There are, however, only this 
single pair which thus look out laterally, exactly like 
the eyes of Birds, There is, indeed, a speck on each 
side of the thorax, considerably removed from the eye- 
pillar, just above the origin of the first pair of legs, 
which has been mistaken for an eye ; but it is truly a 
spiracle, or breathing hole. 

There are many otlier points of interest about this 
Harvestman, such as the conical spines which stud the 
head, body, and limbs ; the unultitude of small bead- 
like joints into which the foot {tarsus) is divided ; and 
II 
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in particular the hammer-like form of the modified an- 
temite, which bend ahruptly downwards, and have 
pincer-tips. These are highly cuiions, and you may 
examine them at your leisure ; hat for the present we 
will return to onr Spiders. 

Ever since those mythic times wlien Araehne con- 
tended with Minerva for supremacy in needle-work, 
and was changed, for her pains, into a spider, our little 
spinners have been famous {Spider = ©(littne) for then' 
matchless achievement in thread. And still their in- 
dustrious art is plied everywhere around us — in our 
chambers, in our windows, in our cellars, in our walls, 
in oxir gai'dens, in waste and desert places, and even 
under watei". But you shall hear what Professor Owen 
says on the degree and mode in which Spiders exercise 
their singular secreting faculty, which " varies con 
siderahly in the different species. Some, as the Olti^- 
ionm, line with silk a conical or cylindrical retreat, 
formed, perhaps, of a eoiled-up leaf, and having an 
outlet at both exti'emities, from one of which may issue 
threads to entrap their prey. Others, as the Segestmw, 
fabricate a silken burrow of five or six inches in length, 
In the cleft of an old wall. The Mygale e&mentmia 
lines a subterraneous buiTow with the same substance, 
and manufactures a close-fitting trap-door of cemented 
earth, lined with silk, and so attached to the entry of 
the bmTow as to fall down and cover it by its own 
weight, and which the inmate can keep close shut by 
means of strong attached threads. 

" The arrangement of Spiders by M. Walckenaer 
into families, characterised by their habits, places the 
principal varieties of their webs in a very concise point 
of view. 
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" Tlie Gu/rsores, Scdtatores, and LaterigradcB, mate 
no webs : the first catoli their prey by eivift pui'suit ; 
the second spring upon tlieir prey by insidious and 
agile leaps ; the third run, crab-lilce, sideways or back- 
wards, and occasionally thi'ow out adhesive threads to 
entrap their prey. The LaUbricolm hide in burrows 
in fissures, which they line with a web. The Tuhicoloi 
inclose themselves in a silken tube, strengthened ex- 
ternally by leaves or otlier foreign substances. The 
Niditdm weave a nest whence issue tlu'eads to entrap 
their prey. Tlie FiUtdm are remarkable for the long 
threads of silk which they spread about in the places 
whei-e they prowl in quest of prey. The Lapitelm spin 
great webs of a close texture, like hammocks, and wait 
for the insects that may be entangled therein. The 
Orbiteloi spread abroad webs of a regular and open 
texture, either circular or spiral, and remain in the 
middle, or on one side, in readiness to spiing upon an 
entangled insect. The BeUtelw spin webs of an open 
mesh-work and of an iiTegular form, and remain in the 
middle or on one side, to seize their prey. Lastly, the 
A.qwitelw spread their silken filaments under water, to 
entrap aquatic insects. 

" The silken secretion of Spiders is not applied only 
to the formation of a warm and comfortable dwelling 
for themselves, or of a trap for their prey ; it is often 
employed to master the stniggles of a resisting insect, 
which is bound round by an extemporary filament, 
spun for the occasion, as by a strong cord. It forms 
the aeronautic filament of the young migratoiy brood. 
It serves to attach the moulting Mydrachna, to an 
aquatic plant by the anterior part of the body, when it 
e to withdraw itself from its exuvium. Lastly, 
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a softer and more silken kind of web is prepared for 
the purpose of receiving the eggs, and to eci-ve as a 
nest for the young." * 

T!ie silk with which these various fabrics are con- 
structed is a thick, viscous, transparent liquid, much 
like a solution of gum arabic, which hardens quickly 
on exposure to the air, but can meanwhile be drawn 
out into thread. So fai-, it agrees with the silk of the 
silkworm and other caterpillai's ; but the apparatus by 
which it is secreted, and that by which it is spun, are 
both far more complex and elaborate than those of the 
latter. Generally speaking, there are three pairs of 
spinnerets, or external organs, through which the 
threads are produced, but in some few cases there are 
only two pairs, and in others, as the Garden Spiders 
[Epevrcb), the hindmost pair seem to be united into a 
single spinneret. These are always situated at the 
hinder extremity of the body, and I will show them to 
you presently. First, however, I will describe the in- 
ternal apparatus — the source of the threads. 

The glands which secrete the gummy fluid are 
placed in the midst of the abdominal viscera, and in 
some instances — as in the female of Epei/ra fasciata, 
a species which makes a remarkably large web— they 
occupy about a quarter of the whole bulk of the ab- 
domen. About five different kinds of these glands 
may be distmguished, though they ai'e not all present 
in every species. The Epeivtx, however, present them 
all. 

In this genus there are: — 1. Small, pear-shaped 
bags, associated in groups of hundreds, and leading off 
by short tubes, which are interlaced iu a screw-like 
* Comp. Anat. (Ed. 2), p. 468. 
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manner, and 0})cn in all of tlie spinnerets. 2, Sis long 
twisted tubes, which gradually enlarge into as many 
pouches, and then are each protracted info a very long 
duct, which forms a double loop. 3. Tliree pairs of 
glandular tubes, similar to the preceding, but wbich 
open externally through short ducts. 4. Two groups 
of much branched sacs, whose long duets run to the 
upper pair of spinnerets. 5. Two slightly branched 
blind-tubes, which terminate by two short dueta in the 
middle pair of spinnerets. 

It is not very easy to examine the spinnei'ete with a 
microscope, so as to make out their structure. If we 
confine the Spider in a glass cell, it is so restless that 
the least shock or change of position will cause it to 
move to and fro ; and, besides, when it does become 
quiescent, the spinnerets ai-e closed in towards each 
other, so that we cannot see tlieir extremities. By se- 
lecting a specimen, however, recently killed, such as 
this dtibiona, we may discern sufficient to enable us to 
comprehend their constinction. 

Looking, then, at the abdomen from beneath, we 
see the three pairs of spinnerets clustered together close 
to the extremity. The pair most forward are shaped 
somewhat like barrels, whose free ends bend over to- 
wards each other. They are covered with stiff black 
hairs, and just within the margin of what may be 
called the head of the bai-rel (for it is cut off horizon- 
tally, with a sharp rim), there is a circle of very close- 
set, stiff, whitish bristles, which areh inwai-ds. Tlie 
whole flat surface of the " head," within this circle of 
bristles, is beset with very minute homy tubes, stand- 
ing erect, which arc tlio outlets of the silk-ducts, that 
belong to this pair. 
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Behind this first pair are seen the middle pair, al- 
most concealed, howeTev, from their shortness and 
smalhiess, aad from the approximation of the first and 
third pau's. We can discern that they are more teat- 
10;e than the preceding, tei-minating in a minute wart, 
which is prolonged into a homy tnhe. The whole teat 
is set with similar tubes, which are lai'ger and longer 
than those of the first pair. Finally, the third pair 
resemble palpi, for each consists of two lengthened 
joints and are bluntly pointed. The spinning tubes in 
these are limited, as it appeara to me, to one or two at 
the exti-eme end of each spinneret, the whole surface 
besides being covered with the ordinary long bristles. 
Strictly, speaking, however, they are three-jointed, for 
all the spinnerets spring from wart-lilie sockets, which 
may be considered as basal joints ; and as the circlet 
of bristles in the fii^st pair doubtl^a indicates a short 
joint, sunken as it were within the preceding, this pair 
is likewise three-jointed ; the middle pair appears to 
be but two-jointed. 

The minute homy tubes are themselves composed 
of two joints, the basal one thick, the terminal one 
very slender, and perforated with an orifice of excessive 
tenuity ; through which the gum oozes at the will of 
the animal, as an equally attenuated thread. On our 
Cluhiona, the number of tubes in all the spinnerets is 
about three hundred; but in the Garden Spider 
{.^>eira) they exceed a thousand. 

This remarkable multiplicity of the strands with 
which the apparently simple and certainly slender 
thread of the Spider is composed, has attracted the at- 
tention of those philosophers who seek to disco-\'er the 
reasons of the phenomena they see in nature. The ex- 
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plaiiation was first suggested, I believe, by Mr. Een- 
nie,* but it lias been amplified witli mueb force by 
Professor Jones, in the following words : — 

" A very obvions reflection will hei-e naturally sug- 
gest itself, in connexion with this beautiful machinery ; 
why, in the ease of the Spida", it has been found ne- 
cessary to provide a rope of such complex stnictm-e, 
when in bo many Insects a simple, nndivided thread, 
drawn from the orifice of a single tube, like the tliread 
of the Silkworm, for instance, was sufficient for all re- 
quired purposes. And here, as in every other case, it 
will be found, on consideration, that a complicated ap- 
paratus has been substituted for a simple one only to 
meet the requirements of strict necessity. The slow- 
moving Caterpillar, as it leisurely produces its sillcen 
cord, gives time enough for the fluid of which it is 
formed to harden by degrees into a tenacious filament, 
as it is allowed to issue by instalments from the end of 
the labial pipe ; hut the habits of the Spider require a 
different mode of proceeding, as its line must be in- 
stantly convei-ted from a fluid into a strong rope, or it 
would be of no use for the purposes it is intended to 
fulfil. Let a fly, for example, become entangled in the 

' s of a Spider's web ; no time is to be lost ; the 
; victim, by every efibrt to escape, is tearing 
the meshes that entangle it, and would soon succeed 
in breaking loose did not its lurking destroyer at once 
rush out to complete the capture and save its net, spun 
with so much labour, from ruin. "With the rapidity of 
thought, it darts upon its prey ; and before the eye of 
the spectator can comprehend the manceuvre, the poor 
fly is swathed in silken bands, until it is as incapable 
* Insect ArcMtecture, 837. 
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of moving as an Egyptian nrnmmy. To allow the 
Spider to perform such a feat as this, its thread must 
evidently be instantaneously placed at its disposal, 
which woidd have been impossible had it been a single 
cord,' but being subdivided into numerous filaments, so 
attenuated as we have seen them to be, there is no time 
lost in the diying ; from being fluid they are at once 
converted into a solid rope, ready for immediate ser- 
vice," * 

Ko doubt you have often admired the exquisite re- 
gularity of those Spiders' weba which are called geo- 
metric ; that of our abundant Garden Spider, for in- 
stance. Tou have observed the cables which stretch 
from wall to wall, or from bush to bush, in various di- 
rections, to form the scaffolding, on which the net is 
afterwards to be woven ; then you have marked the 
straight lines, like the spokes of a wheel, that radiate 
from the centre to various points of these outwork 
cables, and iinally the spiral thread that circles again 
and again round the radii, till an exquisite net of many 
meshes is formed. 

But possibly you are not aware that these lines are 
formed of two quite distinct sorts of silk. It has been 
shown that the cables and radii are perfectly unad- 
hesive, while the concentric or spiral circles are extreme- 
ly viscid. Now the microscope, or a powerful lens, 
will reveal the cause of this difference ; the threads of 
the cables and radii are perfectly simple, while the 
spiral threads are closely studded with minute globules 
of fluid, like drops of dew, which, from the elasticity 
of tho thread, are easily acpai'ated from each other. 
These are globules of viscid gum, as is easily proved by 
* Nat. Hist, of Anim. iL 339. 
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touching one or two with the iingcr, to which they will 
instantly adhere ; or by throwing a little fine dust over 
the nest, when the spirals ■wHl be found clogged with 
dirt, while the radii and cables remain iinaoiled. It is 
these viscid threads alone that have the power of de- 
taining the vagrant flies which accidentally touch tlie 
net. 

The divei'sity of the secreting organs already al- 
luded to, as well as in the spinnerets, is no doubt con- 
nected with this difference in the character of the silli ; 
and it is worthy of remark that this diversity is 
greatest in such Spiders, as the ^eir<s, which spin 
geometric nets. 

Immense is the number of globules of viscidity that 
stud the spiral circles of one of these nets. Mr. Black- 
wall, the able and learned historian of the tribe, has 
estimated that as many as 87,360 such pearly drops oc- 
curred in a net of average dimensions, and 120,000 in 
a large net of fourteen or sixteen inches diameter ; and 
yet a Spider will construct such a net, if uninterrupted, 
in less than three-quarters of an hour. 

Scarcely less admirable is the ease and precision 
with which the little architect travei^es her pei-pendic- 
ular or diagonal web of rope ; a skill which leaves that 
of the mariner who leaps from shroud to backstay in a 
ship's rigging immeasurably behind. To understand 
it, however, in some measiire, look at this last joint of 
one of the feet of onr well-used ChMmia. It is a cylin- 
drical rod, ending in a rounded point ; every part of its 
surface is studded with stiff, rather long, horny bris- 
tles, which, springing from the side, arch inward to- 
wards the point. Now this array of spines effectually 
prevents a false step, for if any part of the leg, which 
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is sufficiently long, only strikes tlie thread, the latter is 
certain to slip in between the bristles, and thus to catch 
the leg. But more precision Uian this is requisite ; es- 
pecially when we observe with what delicacy of touch 
tlie hinder feet avQ often used to guide the thread as it 
issues from tlie spinnerets, and particularly with what 
liglitning-lilie rapidity tlie lai'ger net-weavers wiU, with 
the assistance of these feet, roll a dense web of silk 
around the body of a helpless ily, swathing it up, like 
an Egyptian mummy, in many folds of cloth, in an in- 
stant. 

Look, then, at the extreme tip of the ultimate joint. 
Two stout hooked claws of dark horay texture are seen 
proceeding from it side by side, and a third of smaller 
size, and more delicate in appeai'anee, is placed be- 
tween tliem, and on a lower level. The former have 
their under or concave surface set with teeth (eigh- 
teen on eaeli in this example,) very regularly cut, like 
those of a comb, which are minute at the commence- 



ment of the series ntir the bise of the claw, and grad- 
ually increa-iC m length to tlie tip These arc doubt- 
less sensible oigin"* ot touch, feelmg and catching the 
thread ; and the^ moreovei act a=- combs, cleansing 
their limbs, and probably then webs, trom the pai'ti- 
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eles of dust and other extraneous matter which are 
continually cleaving to them. 

There are Spiders in the sea also, I can show yon 
one which is sufficiently common on the southern 
shores, sprawling and crawling sluggishly among the 
filamentous seaweeds and branching flexible zoophytes. 
Here it is, Nym/phon by name. 

Its most prominent oharacteristie is the exccssire 
slenderness of all its parts, but especially its eight legs, 
which are exceedingly lengthened, comprising each 
eight joints, and no thicker than the finest thread. On 
the other hand, the body ia rednced to a minimum ; the 
abdomen, which in the Spiders and Harvestmen of the 
land is so bulky as to constitute the chief volume of the 
animal, is here so minute that you wiU have some dif- 
ficulty in finding it at all ; it is, in fact, that tiny atom 
of a point that projects between the hindmost pair of 
limbs. The thorax, indeed, is a little more developed ; 
but even this has scarcely any appreciable breadth or 
thickness, being scarcely more than the extended line 
fonned by the successive points of origin of the limbs. 

The head, however, is distinct and well furnished. 
It ia crowned with a short column, much as in the Har- 
vestmau, on the summit of which ai-e placed four black 
eyes, set in-scLuare ; these, under the magnifying power 
which we are applying to them, gleam like diamonds, 
the light being highly reft-acted through them. It is 
the high refractive power of these eyes, as of those 
which we have lately been examining, which makes 
them appear black ; for, as I have explained, they are 
really transpai-ent lenses, covered with polished cor- 
nete, and furnished with the other essentials recLuisite 
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for tlie tran emission of the rays of light to the optic 
nerve, or, as in this case, direct to the brain. 

In fi-ont, you see the head projects into a stout oval 
or cylindrical proboscis, teiininating in a small mouth 
and stont jaws, and furnished at the sides with a pair 
of spine-like palpi, and a pair of pineer-elaws (modified 
antennaj) somewhat resemhling the nippers of a Grab 
or Lobster. 

Such is the outwai'd form of this tiny speck, the 
whole body of which scarcely eq^uals in dimensions a 
quarter of an inch of sewing cotton. And now I will 
beg your attention to the sin^lar manner in which di- 
gestion is earned on in tliis atom, which you will dis- 
cern plainly enough through its brown hnt translucent 
skin. If you look carefully at either of the long, many- 
jointed legs, you will see that it is permeated by a cen- 
tral vessel, tiie walls of which contract periodically 
with a pulsation cltffiely i-esembling that of a heai-t, by 
which grannies or pellucid corpuscles, floating in a eleai 
fluid, are forced forward. There is no uniformity in 
the direction of the pulsatory waves ; sometimes, as in 
the limb wo are watching, they proceed from the body 
towards the extremity ; hut, in some of the otiiers, we 
shall probably find, even at the same moment, that the 
waves have a retrograde coiu-se ; and this contrariety 
may occur in two contiguous limbs on the same side 
of the animal. By continuing our observation for 
Bonie minutes, we shall find also that its force is vaiy- 
ing and uncertain ; sti-ong and regular at one time, weak 
and vacillating at another, and sometimes even quite 
intermitted, or at least, quite imperceptible. 

By selecting a limb in which the movements are 
strong, yon may trace the vessel to its termination in a 
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blind sac in the last joint but one of the Utah ; and 
then follow it np to its junction with a great vessel 
which runs longitudinally througli the trunk, of which 
all the vessels tliat permeate the limbs ai-e branches, 
and whence the circalating globules all proceed. This 
gi-eat vessel is the stomach and this cu-cnlation is the 
provision for dispersing the nutritive properties of the 
food to all parts of the system. There is in tliese hum- 
ble and simply organized animals no proper blood, or, 
at least, none included in a system of arteries and 
veins ; but the products of digestion are carried to the 
most distant parts of the body, through this extraordi- 
nary development of the stomach or intestine (both in 
one,) and through this series of blind canals., by means 
of their own irregular contractions, aided by the mus- 
cular movements of the body and limbs. 

Tou would scarcely forgive me if I took no oppor- 
tunity of showing you the Cheese-mite, that fii'st object 
of woiider to every child that looks through a magnify- 
ing glass. And no place so suitable for its introduc- 
tion, as in connexion with its cousins, the Spiders and 
Harvestmen, Well, fortunately, we need not search far 
for specimens ; for hero, in the cavity of this almost 
defunct skeleton of a cheese, we can find as many mil- 
lions as you can reasonably desire to select from. Here 
is a fat one ; we'll take him. 

You see witli a pocket lens that it has a plump, pol- 
ished oval body, of a pellucid white hue, and eight 
short red legs ; but for more than this we must go to 
the tube. Look at him now, as he lies on his back, 
helplessly sprawling and throwing his feeble legs about, 
in the live-box. 
His oval body is divided by a transverse fun'ow into 
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thorax and abdomen, like a Beetle's ; and there is an- 
other division between the head and thorax, wherein it 
differs from the Spiders. The first two pair of legs are 
separated by an interval from the last two pairs ; they 
are all of a translncent pale red hne, as is also the head : 
eac]i conaists of seven short joints, the last of which 
has a sort of heart-shaped pad, something like a horse's 
hoof, and a single hooked elaw, wliieh works against its 
sole. 

The structure of the head cannot be seen satisfacto- 
lily otherwise than by crushing the Mito in the eom- 
pressorium ; a process which, when we remember how 
many thousands we crush down in our oral compresao 
rium every time we eat ripe cheese, needs not excite 
much compunction, "We must put a drop of water be- 
tween the plates, in order to wash away the opaque 
granules wliieh will escape from the bodies of the ani- 
mals, when the skin, and aU the solid parts, will he left 
beautifully clear and distinct. Moreover, by putting 
half-a-dozen specimens in at once, we shall secure them 
pressed in various aspects, and be pretty sure of some 
perfectly flat and aymmeti-ical. 

I have one under sueh conditions ; the parts of the 
moutli nicely expanded, and the whole well displayed, 
Now for a higher power ; for, to discern this properly, 
we cannot do with less than 600 diameters. 

Viewed from beneatli, we see a broad labium, near- 
ly scLuare, divided at the tip into two blunt points, with 
a sharp notch between them. The two lateral edges are, 
as it were, buttressed by a pair of palpi, wliieh are 
thick, and consist of four joints each ; these are distin- 
guished by the bristles at each joint, though the whole 
are united ; soldered, as it were, to the sides of the lip. 
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The Tipper portion of the mouth is formed by two 
stout mandibles, which are jointed to the front of the 
head, and can be either widely expanded or bronglit 
together bo as to foiin a covering to the lahiuin. They 
are pincer-form, like the claws of a crab, the two fin- 
gers being strongly toothed on their opposing surfaces. 
They thus form effective prehensile insti-uments. Tlieae 
mandibles can be advanced separately or together, and 
tlic ii'hole head can be elevated or depressed. 




In the water of ponds we may frequently see, play- 
mg among the sub-aquatic vegetation, bright-coloured 
Mites ; sometimes rich velvety green, sometunea pur- 
ple, but more commonly brilliant scarlet ; often curi- 
ously marked with sinuous patterns or spots of black. 
They swim rapidly and evenly by means of rapid row- 
ings with their legs, which are thickly fringed with 
long hairs. I have one bere, which seems to be the 
Jlydrachna Msirionioa. It is a little, flat, circular, 
cusliion- or cake-like creature, scarlet, with four clouds 
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of blacli on its back, about one-sixth of an incli in di- 
ameter. You may notice the effectiye oai's which the 
legs form by means of their thick fringe of hair, and in 
particular tlie power which the hind pair poaaeaa by 
reason of the enonnously by dilated hip-joint, affording 
space for broad and powerful muscles. 

The structure of the moiith differs greatly from the 
stame pai-ts in the Cheeae-mite. -The palpi here are long 
and perfectly free throughout ; the fourth joint is long 
and slender, and is curiously hollowed at the end to re- 
ceive the terminal joint, which foi-ms a short claw, and 
which falls down upon the former. The mandibles, too, 
are not pincers, but consist each of a thick joint cut off 
obliquely behind, like the nib of a pen, while the other 
extremity is blunt and broad, and bears a strong curved 
claw ; the lip is oval, and cleft in the middle, and is 
wedged in between the bases of the first pair of legs. 
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WHEEL-BEAKEKS. 



I MUST now introduce you to a class of animals pecu- 
liarly microscopic, since without our marvel-sliowing 
instrument they are wholly beyond the sphere of hu- 
man cognizance. Yet they have heen ever since its 
invention favourite objects with the mieroscopist ; and 
I am free to confess that, among all the classes of ani- 
mated beings, this of the Rotifera has heen my own 
special delight. Their numerous and varied forms, often 
of remarkable symmetry and elegance, their ewiftly- 
revolving wheels, their vigorous and sprightly motions, 
their curious habits and instincts, their complex organi- 
zation, and the ease and correctness with which this is 
discerned tiirough their tissues, which have the trans- 
parent brilliance of the purest crystal — all combine to 
impart a cbai-m to the Wheel-bearer a, which makes the 
observer hail their appearance in his drops of water 
with pleasui-e, afid linger over them with unwearied 
delight. 

The peculiarity which specially characterizes them ia 
the presence of certain organs called cilia, and their 
an-angemcnt in such a manner that their motion gives 
to tlie obsei-ver the impression that two -toothed wheels 
we placed on the front of the animal, which are in 
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rapid revolution on their axes. This was heheved to 
be the real fact by the earlier rnicroscopists, though 
they were utterly imable to eoneeive how siich a move- 
ment could consist with parts maintaining an organic 
connexion between themselves. It is, however, an op- 
tical illusion, depending on the , nature of ciliary move- 
ment, which therefore I must first endeavor to explain 
to you. 

Cilia are organs which play a very important part 
as instruments of locomotion, as well as of other func- 
tions, in all the lower forms of animals, and in the early 
stages of some of the higher forms. They ai'e found 
also characterising the lowest forms of vegetable life, 
giving to them the means of spontaneous locomotion, 
which renders them liable to be mistaken for animals. 
They consist of prolongations of the fleshy tissue into 
long and very delicate hairs, which are endowed with a 
special faculty of motion. Tliis consists of a bending 
down in a giren direction to a certain extent of flexure, 
followed by a rapid resuming of the perpendiculai' ; 
which is however immediately succeeded by like bend- 
ings and sti'aightenings in alternate gi-adation. The 
simplest condition of this movement is that in which a 
single cilium only exists, by whose succ^sive lash-like 
beats upon the snn-ounding water, the animal is rowed 
along as a boat through the sea. But far more com- 
monly eUia are arranged in tows, or in many series of 
rows, in which case the bending and straightening of 
the individual cilia do not occur otherwise than in strict 
and orderly relation to each other. For instance, one 
cilium in a given row begins to bend, tlie one next to 
it then begins, then the third, then the foni-th, and so 
on all precisely in the same direction, all in precisely 
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the same time, all with precisely the same force, and all 
to precisely tlie same extent. It follows, that hefore the 
first has completed its beat and reaiimed the erect posi- 
tion, three or four others are in various degrees of flex- 
ion, regularly gi'aduated ; ^nd that if the eye could 
look laterally at snch a row of cilia suddenly arrested 
and fixed as they were, we Bhonld see their tips tracing 
a wavy line instead of a straight one. Moreover, since 
the bendmg of any cilium brings its tip nearer to its 
successor than it was before, and this approximation in- 
creases the farther the flexure proceeds, it follows that 
at the bottom of each wave the tips of the cilia over- 
lap their successors, while the spaces perpendicularly 
above tlieir bases are left more open by the removal of 
their points. 

Hence, in microscopical observation of ciliated ani- 
mals, though the individual cilia are too minute to be 
discerned while still, we can readily discern the in- 
creased density (and therefore opacity) of the bottom 
of a wave, contrasted with the increased openness {and 
therefore clearness) of the summit. So that the optical 
effect is that of an alternate succession of dark- and 
light spots blending into each other, 

Eut as no cilium in the series is for two successive 
moments in the same degree of flexure, and as both it and 
all its predecessors and successors are ever urging on 
their perfectly timed and regulated course, the waves 
are never fixed, but always gliding on with a swift hut 
beautifully even rapidity. And as it is with the waves, 
so it is with their optical eifect upon the eye ; the black 
and white spots, or rather the black spots with blank 
intervals, appear to be constantly chasing each other in 
ceaseless race. 
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Yon are then prepared to take a peep at tliis beau- 
tiful Brackiorms pala. A cup of elegant form, ewelling 
at the sides and narrowing a little at the mouth, has 
one side of its rim fui-nished with four epines, tlie mid- 
dle pair of which are very slender, sharp, and needle- 
like ; the other side of the rim is undulated, hvA not 
toothed. The bottom of the cup tei-minates in two 
broad blunted points, — when seen directly in front ; 
but a lateral view considerably modifies the whole foim. 
Then yon see that the back of the cup is much more 
swollen, the belly-edge being nearly straight, and that 
this latter descends mdeh lower than the dorsal hne, the 
bottom being as it were cut away obliquely and slightly 
hollowed. Between the two bottom points, there is a 
round opening, for an object which we shall see pres- 
ently. Such is the shell, or lorioa., as it is technically 
called, which is of a rather stiff, elastic consistence, of 
a homy (chitinous) texture, and of the most glassy 
ti'ansparency, permitting us to trace every vessel, eveiy 
organ, and every function of the animal within the shell 
with perfect distinctness. The little creature is of un- 
wonted dimensions in its class, for it is one thirty-sixth 
of an inch in length. Hence it is just visible as a white 
speck moving in the water, to the unassisted eye, while 
a pocket lense reveals its beautiful form. 

"Within this translucent shell you see a confused 
mass of moving viscera, a multitude of irregular sacs 
and bands, lying over each othei-, whose crowding, 
changing, and vanisliing lines distract the attention, and 
prevent you from making out anything definitely. But 
a waved outline of hyaline flesh is protruding from tlie 
rim of the shell, and now, having reached beyond the 
level of the spine-points, it rapidly unfolds into three 
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broad flattlsh lotes, and in an instant each of the two 
lateral ones is crowned hy a wheel of dark points in 
rapid horizontal revolution. Is not this a channing 
sight ? Kound and round go tlie wheels, fonning two 
perfect crowns, which rotate with nnintemipted and 
unceasing eoui-se, smooth and regular, which we can 
compare with nothing else than the crown-wheel of a 
watch, if allowed to ran down. 

!Now th^o are examples of ciliary action. Though 
at first it is almost impossible to persuade oneself that 
there is not an actual rotation of parts, yet this is only 
an illusion, as I have already explained. The waves 
alone move, the cilia themselves retaining their position 
unchanged except that they alternately bend and erect 
themselves. It may assist your idea of this motion to 
advert to a field of com, over which a smart breeze is 
blowing. You see that waves chase each otlier across 
the field ; but yoar reason, and indeed your observa^ 
tion, tells you, that this appearance is produced entirely 
by the alternate bending and rising of the eai-s of com, 
which are of coui-se stationary. 

The beauty and wonderfulness of these ciliajy wheels 
are so striking, especially when one sees them for the 
first time, that for a while we see nothing else : we can- 
not take our eye off from them. But when you have a 
little satisfied your sense of seeing, you may examine 
other points of interest in this channing little animal. 

The cilia are remarkably stout and long in this 
genus, but on the middle lobe of the front there are 
other processes of the same character ; but still stouter. 
These too are not properly vibratile, at least they 
do not make circular wheels : ordinarily they project 
like stiff erect bristles, or converge towards each other. 



Hooted by Google 



263 EVENINGS AT THE MICEOSCOPE. 

Between the two middle spines the shell is cut into 
a deep notch, oat of which protrudes, when the wheels 
are expanded, a cnnons little organ, consisting of a 
couple of fleshy tubes, the one sheathed in telescopic 
fashion within the other, and bearing at its tip a pencil 
of bmtles, which can in turn be sheathed. This organ 
doubtless represents the united antennse of Insects. 

But, you ask, what is that much more conspicuous 
organ that is alternately thrust out and drawn back at 
the bottom of the shell, and that is so nimbly whisked 
about in all directions, looking, with its numberless 
transverse wiinldes, and its little fingers at the tip, so 
lilte an elephant's tnink in miniature ? This is the 
creature's foot ; the only one he has ; and as I said the 
little tubular telescope represents the two antennfe fused 
into one, so we must consider that this flexible member 
represents all the six pairs of an Insect's legs united, 
or perhaps, more philosophically, one of the pairs, the 
rest being obsolete. It must not be considered as a tail, 
not only from its function, which is decidedly that of 
locomotion, but also from its position on the ventral 
side of the intestinal orifice. It is a curious organ, 
capable of gi'cat elongation or, at the will of the animal, 
of entire reti'aetion within the abdomen ; and this in an 
instant : while, as you observed, it is flung about, and 
dashed from side to side, and bent hither and thither 
with a Boi-t of insane energy. The means by which 
these movements are performed, you may easily discern 
in several pairs of muscular bands which run through- 
out its whole length, their upper insertions being placed 
high up on the'interior of the sliell, where, during con- 
traction, you may see them swollen into thick bulbs. 

The" foot terminates in two short conical fingers or 
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toes, which can he drawn in or extended, widely sepa- 
rated or brought into contact, at pleasure. By means 
of these the animal has the power of mooiing itself, 
even to the smooth surface of glass ; and that so fii-mly 
that from them it can stretch itself in aU directions by 
turns, now and then shaking itself to and fro with sud- 
den violence, as if irritated, yet without letting go its 
foot-hold. 

"While tlius anchoi-ed, the action of the ciliary wheels 
produces considerable whirlpools in the surrounding 
water, as you will see very distinctly when we have 
recoiu'se to a curious but simple expedient, first in- 
vented by Gleichen and since much used byEhrenberg, 
of mixing some colouring matter with the water in 
which the animal is. I talie a little cannine with a 
wetted hair-pencil, as if I were going to colour a di-aw- 
ing, and allow a small portion of the pigment to' diffuse 
itself in the water which is in the live-box, then, put- 
ting on the «over, I quicMy replace the whole on the 
stage, and re-find my little Erachion : and now I again 
submit it to your observation. 

Tlie whole field is now filled with scattered granules 
of irregular form and size, of a dark-red hue. These 
are the particles of cannine floating in tlie water ; par- 
ticles of alumina, that is to say, stained with cochineal. 
They are in motion, and tlieir movement is more ener- 
getic the nearer they are to the little animal, which is 
rotating vigorously in the midst of them. Tliey describe 
two great circles, concentrical with the two wheels of 
the Erachionus, and it is easy to see that their rotations 
are the cause of the movement. The motion of the 
ciha communicates itself to the surrounding water, and 
produces circular currents, into which every fioatuig 
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atom within a certain distance is drawn, and in wliich 
it tHen continues to whirl round with a rapidity which 
increases as it approaches the centre of rotation. 

But the Braehionus suddenly lets go its foot-hold, 
and a surprising change takes place. Ko more currents 
are made in the water, but the animal itself glides 
swiftly away head foremost ivith an even course, revolv- 
ing on its axis as it goes, "What is the immediate cause 
of its movement? The ciliary action which before 
produced vertical currents, 

Li order to explain this, let me suggest to you a 
homely comparison. Suppose you see a boat on a still 
lake, and in it a man pulling a pair of oars. He pulls 
vigorously, but tlie boat does not move an inch, and 
you perceive that she is fast moored ; a rope holds her 
to a post on the bank. But does the man's rowing 
produce no effect ? Oh yes ; the successive strokes of 
his oars upon the water have communicated motion to 
the fluid, and. a strong ourent is made on each side of the 
boat, in a direction opposite to that in which he strives 
to row her forward, the force of which is felt to a dis- 
tance proportionate to the vigour and continuance of 
hie pulling. The reason of this is that the boat is fixed, 
and all the force of the impact is spent on the water. 

But now another man approaches the post and un- 
ties the rope. Listantly the boat glides ahead, and 
continues to do so, urged by the repeated strokes of the 
oars, whose effect on the water in maldng currents is 
now slight and imperceptible. The reason of this is, 
that the water is now the fixed body (or nearly such), 
and the force of the impact is mainly spent on the 
movable boat. 

The Braehionus is the boat, its cilia are tlie oars, 
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and its foot is the rope. As long as this last maintains 
its liold, tlie whole force of tlie ciliaiy stroke is spent on 
the water, and euiTents are the result ; bwt as soon as 
this bold is broken, the force acts ou the animal (=boat), 
which is thus rowed rapidly forwards. 

The use of the cilia in this latter case is obvions. 
Tliey enable the little animal to rove about at its way- 
waid will ; and doubtless motion is as pleasant and 
necessary to it as to the fish in the sea or the bird in 
the air. But what is the object of their vigorous rotar 
tion, when the animal chooses to maintain a firm hold 
with its foot ? Wliat is the use of rowing a boat, if 
you do not choose to let go tlie painter ? 

To solve tills enigma, let us search up our little Bracli- 
ion once moi-e ; lie wiU not roam long before he settle so- 
berly again. Yes, here I have him moored. Now, mark 
carefully the vortices, which are so vigorously circling 
around the animal's front, and you will perceive that 
the movement is not a strictly circular one, but that 
each whirlpool has an outlet close to the cilia ; for the 
aeciimidated and condensed particles of pigment, after 
many rotations, pass off in a united stream between the 
two crowns, and go away horizontally in a line from 
the ventral side of the front. Tliat is to say, each vor- 
tex pours off its accumulation at a point on the inner 
side of the ciliaiy circle, and the two streams, uniting, 
pass off from the lip of the shell, to be drawn in again, 
however, by and by, when the centrifugal foree is ex- 
hausted. 

Now this sti-eam passes immediately over the mouth, 
which is an opening in the flesh of the front, forming a 
deep cleft on the ventral side, the lips of which, as also 
the whole interior of the tube of which it is the orifice, 
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are richly covered with cilia. A certain portion of the 
atoms are thus arrested by tliese cilia, and are hurled 
by tieir Tibrations down this gulf. Yet not all, nor 
neai'ly all ; for the lips appear to possess the sense of 
taste, or of some modifleation of touch, which enables 
them to refuse or receive the atoms presented to them, 
60 that only such particles pass down the tliroat as are 
selected for food. Some of the atoms of pigment are 
admitted, and one of the most pleasing sights connected 
with these animals, is to wateh the swallowing of col- 
oured food, its reception into the singular sunken 
mouth, where tlie gi-eat powerful jaws act upon it: 
thence its dismissal through tlie gullet, where certain 
glands pour ujjon it then- secretions into the stomach, 
where other glands, answering to a liver, change it, 
and thence into the intestine and rectum, until its in- 
digestible portion is discharged through the cloaeal 
orifice. 

The object of the mingling of colour with the water 
in which these and similar animals are held for obser- 
vation, was the tracing of the phenomena of digestion. 
And, indeed, it renders the whole process beautifully 
distinct ; for, from the transparency of the tissiies, the 
presence of tlie coloured pellet is eveiywhere recognis- 
able, since it retains its form and hue under all its 
changes, clearly revealing to us the shape, dimensions, 
and directions of the various canals through which it 
passes ; here and there diffusing throughout the vis- 
ens in which it is held a beautiful roseate hue, more 
or less deep, without, however, losing its own definite 
outline. 

Let me now direct your attention to the organs de- 
voted to the seizing and mastication of the food. And 
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the more because tlic fonn of these oi'gans in the Soti- 
f&fa ia cjuite peculiar — quite 111111116 what is found in 
any other class of animals, though the parts are essen- 
tially the same as those which -we have already seen as 
entering into the mouth in Insects. 

Ecmoving the carmine-stained water, I put into tlio 
live-box a drop from a vase very rich in organisms of 
many Icinds. Among these 
you see very numerous the 
mulberry-like elustore of \ 
that beautiful gi-een crea- 
ture, Syncrypta volvox, 
■which is now pretty gen- 
erally considered a plant, 
tliougli from its sponta- 
neous motion, swimming 
evenly along, revolving on 
its axis as it goes, yon 
would be inclined to agree 
with earlier observers in 
thinldng it an animal. 
These appear to be favor- 
ite morsels with the Ei-a- 
chion: one has already 
been devoured, and is 
quite visible in the ali- 
mentary canal, its brilliant 
green line ehiuing out " ° " 

through the translucent viscera an 1 tiasuci Othei's 110 
approaching, and two or tlireo are j ust ji<r>\\ dr \v. n int 1 
the vortex of the ciliaiy current. It is amusing to see 
the manceuvres which the Brachionus makes to fake 
liis prey, I say manceuvres, for there really seem to be 
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perception and intelligence. The mode in which it di- 
rects its ciliated ilaps towards the spot where ii Syn- 
crypta is whirling, orsnddenly stretches forward to the 
extent of a long foot, as if it would seize the prey by 
force, seems to indicate a cognizance of its proximity ; 
as do also, still inoi'e, the manner in which it depresses 
the !ip-like lobe of the rotatoiy organ on one side, when 
the prey is in tlie voi-tex on that side, and the eager 
haste witli which it shrinks down into its shell the in- 
stant the little mulberry i^rops at length info the throat. 

But now comes the tug of war ; tlic blaet, mill- 
stone-like jaws open wide and stretch foi'wai'd to gi'asp 
the little victim (which is still distinctly visible through 
the transparent tissues) ; they touch the globulai- envel- 
ope, but cannot qnite grasp it. The Brachion re- 
doubles its efforts ; the jaws gape vigoi-ously, but can 
only scrape the sides of the little globe, which at every 
touch slips away, the expanse of the jaws being not 
quite sufficient to embrace it. 

At last the little animal hecomea indignant ; the 
jaws no more endeavour to grasp, but with a veiy dis- 
tinct and sudden upward jerk throw out the prey ; 
which until now has been retained and pressed down- 
ward hy the contraction of the sides of the sensitive 
throat. Strange to see, the little Synorypta, after all 
its imprisonment and rough handling, is no sooner free 
than it whirls merrily away, revolving as it pursues its 
even ciliary course, just as if no intermption of its free- 
dom had occiured. 

]!*fean while, however, hettei' success attends the 
Brachion's hunting ; for a smaller globe has sunk into 
the throat, and passes with a gulp into the mouth, be- 
tween the gaping jaws, which instantly close upon it. 
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and, working vigot'ously, Ijrnise it down witli a liam- 
mer-like action upon a sort of central tatle. After this 
process lias gone on for a few minutes tlie green mass, 
less perfectly defined than before, slips through a nar- 
row postern-gate, along a short narrow alley, into the 
digesting stomach. 

But what sort of a mouth is this ? It is inclosed 
within the tissues of the body, not very far from its 
centre, bo that no part of it comes into contact witli the 
external water, or even approaches any part of the su- 
perficies of tlie body. It has been usual to call the great 
hemispheric bulk in which the eymmetiieal Iiammers 
work so vigorously, a gizzard, hut it is a true month, 
and the hammers are ti'ue jaws. 

This form of month is termed a mastax ,' it consists 
of a dense but transparent muscular mt^s, forming 
three lobes at its lower part, deeply cleft at the front of 
its ventral side where the passage which I have called 
the throat, but which is more correctly designated tlie 
liucaal fwnnel^ enters. Witliin this muscular bulb ai'e 
placed two bent organs llire hammers, called mallei, 
and a thu'd central table, called the iiicus. Tlie mallei 
approach each other dorsaily, while the incus is placed 
towards the ventral side, its steni pointing obliquely 
away from the centre. 

Each malleus consists of two portions, united by a 
free but powerful hinge-joint. The lower joint {manu- 
IHvm) is shaped somewhat like a shoulder-blade ; and 
the upper joint (mjicms) is set on at nearly a right angle 
to it, but is capable of' considerable change of direction 
by means of its hingo. It "consists of five or six finger- 
like teeth, connected by a thin web of membrane. 

The incus also consists of several distinct pieces. 
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The principal or two stoct rami, resting on what ap- 
pears, wlien you look at the back or belly of the ani- 
mal, to he a slender foot-stalk (fulcrum). But when 
you get a lateral view the foot-^talk is seen to be only 
the edge of a thin plate, to the upper edge of which 
are jointed the I'ami, in such a manner tliat they can 
open and close, like the blades of a pair of shears. 
Each ramus is a tliiek, three-sided piece, with the upper 
side hollow, and the inner flat, and in contact with that 
of its fellow, in a state of repose. Tlie uncus of each 
malleus falls into the concavity of its corresponding 
ramus, and is fi^tened to it by a stout triangular mne- 
cle, which allows sonie freedom of motion. 

Many muscles are inserted into various parts of 
tltese organs, and into the walls of fho mastax, which 
impart various and complex motions to all the parts. 
Thus, as wo have seen, they are 
adapted to the various fnnc^ 
tions of mouth-organs, those of 
grasping, holding, brnising, and 
chewing food. 

The mallei correspond with 
the mandibles of Insects ; and 
the rami of the incus with the 
maxillte ; while the walls of 
tlia mastax with the two edges 
MODTn OF BEiOHioHUB, gf ^(g orjfice corrcspond with 
the moiith, with its labrnm and labium. 

It is true we are somewhat startled to find a mouth 
placed far down within the cavity of the breast ; but 
there are other forms in this class, some of which I may 
be able to show you, where tlie mastax has essentially 
the same structure, in which it is placed at tlie front 
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mavgin of the body, from which tlic jaws can be freely 
pi-otrudGcl. The difficulty will seem less if you weigh 
the following considerations : — 

The integument in the Hotif&rOi is very flexib'e 
and, especially in the frontal regions, is extremely in- 
vertible. In those genera in which the mouth appara- 
tus can be brought into contact with the external water, 
it is ordinarily, to a greater or less degree, retracted 
within the body, by the inversion of the sun-oimding 
parts of the exterior, while, in those genera in which it 
is permanently inclosed, analogy requires us to consider 
the condition as induced by a similar inversion, but of 
permanent duration. . If we imagine tlie head of a soft- 
bodied Insect-larva retracted to a great degree (as is 
done partially by many Dipterous lai'vse), the skin of the 
thoracic segments would meet together in front, around 
a purse-like opening, which would be the orifice of such 
a buccal funnel as exists in most Motifera. In the 
latter, it is the normal condition ; in the former, it is 
merely accidental and temporaiy. 

We need not devote any more minnte consideration 
to tlie digestive apparatus in our little Bracliion, but 
there are some other points in its structui-e ii-hieli are 
worth noticing. In the centi'al line of the body, just 
above the mouth, as you see the animal in a doi-sal 
view, there is a square speck of a rich crimson hue, the 
edges of which, when we view it under reflected light, 
glitter and sparkle like a precious stone. But when 
we obtain a perfectly lateral view, we perceive that the 
situation of this gem-like speck is considerably nearer 
the dorsal side of tlie shell than the mouth, and that it 
forms a wart-ahaped prominence on a large turbid mass 
which occupies the whole front portion of the animal. 
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By comparison of this organ witli the corresponding 
parte in other genera,, there is every reason to infer that 
this turbid mass is an enormous brain, the nei'vons 
matter heing in a very diffuse condition ; and that the 
ruby seated on it is an eye, consisting of a crystalline 
lens, and a layer of crimson pigment beneath it. 

The oval bodies that yon see attached to the hinder 
part of the shell are eggs. Most of the females that 
we meet with carry one or more, sometimes to the num- 
ber of six or seven. The specimen we are examining 
had two at first, one on each side the foot-orifice ; biit 
just now a third was excluded — an operation which 
occupied but an instant — and this took its place be- 
sides the former two, so that we now see three. These 
eggs are generally earned by the parent until the 
youiig are hatched. The oldest of these three is nearly 
ready for hatching, and if you watch awhile you will 
see the birth of the young. At firet exclusion, the egg 
which was seen some time before in tlie ovary, as a 
semi-opaque mass, of well-defined but irregular shape, 
immediately assumes a form perfectly elliptical, aud its 
coat hardens iiito a brittle shell. This is so transparent 
that the whole process of maturation can be watched 
within the shell. The yelk is at first a tin-bid mass, in 
which are many minute oil-globules. Soon it divides 
into two masses, then into four, then into eight, sixteen, 
and so on, by the successive cleavage of each division, 
as fast is it is made, till these divisions are very nu- 
merous. Then we begin to see spontaneous move- 
ments ; the outline of the young separates in pai'ts 
from the wall of its prison, folds are seen here and 
there, and fitful contractions and turnings take place. 
Soon an undefined spot of red appeal's, which gradually 
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acquires depth of tint and a definite fonn, and we re- 
cognise the eye. Slight waves are seen crossing one 
end of the egg ; these become more and more vigorous 
and rapid, and at length we see that here is tlie situa- 
tion of the frontal cilia. -The mastax appeare, and the 
jaws, and soon the latter begin to work; though it 
must be only by way of practice, for it is hard to im 
agine what they can yet find to masticate. 

All these phenomena have successively appeared in 
the egg we arc now watching ; and at this moment 
you see the crystalline little prisoner, writhing, and 
turning impatiently within its prison, striving to biirst 
foiHi into liberty. 

Now a crack, like a line of light, shoots ronnd one 
end of the egg, and in an instant the anterior third of 
the shell is forced off, and the wheels of the infant 
Brachion are seen rotating as jierfectly as if the little 
creature had had a year's practice. Away it glides, 
the very image of its mother, and swims to some dis- 
tance before it casta anchor, beginning an independent 
life. At the moment of the escape of the young, the 
pushed-off lid of the egg resiimes its place, and the egg 
appeai-s nearly whole again, but empty and perfectly 
hyaline, with no evidence of its fractni'e, except a slight 
interruption of its outline, and a very faint line running 
across. 

Tliis is a female young : the male is totally unlike 
the female, and is very much smaller. We can always 
tell whether an egg is going to pi-oduce male or female 
young, by the great difference in its size, the female 
being more than twice the bulk of the male egg. All 
of one brood are of the same sex ; we never see a Braah- 
iowus with male and female eggs at the same time. 
12* 
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"What is veiy strange, is, tliat the male has no shell, no 
spines, no mouth, no jaws, no stomach, no intestines ; 
no ciliaiy -wheels ; its cilia, -which are very long and 
jwwerful, being aiTanged an one ehcle round the -whole 
fi'ont. Ifcs movements are exceedingly fleet. 

Perhaps you are tired of Sraohionus, and are ready 
to cry out " Ohe ! jam satis 1 " * Well, then, I will 
tiim him off and show you anotliev elegant little crea- 
ture the Whiptail {MasUgoceroa cannata). I have 
here in a hottle some stalks of the 'Water-Horeetail 
{Ohttra mdgaris), which I obtained in a pond a few 
weeks ago. These I examine in this way. Taking hold 
of the Oha/ra with a pair of pliers, I pull it pai-tially 
out of water, and, allowing it to reet on the neck 
of the bottle, I cut off -with a pair of scissors, or with a 
penknife on my nail, abont one-fonrth of an inch of the 
tips of three of four- leaves, which adhere together by 
their wetness. These tips I place in the live-box with a 
drop of -water, and having separated them with a 
needle, I put on the cover, and examine them with a 
triple pocket lens ; holding up the box perpendicularly, 
not opposite the light, but obliquely, so that the field 
is dark ; hut the light reflected and refracted by the 
animalcules shows them out beautifiiUy white and dis- 
tinct even the minute,*ones. Tlie forme and some char- 
acters of the middling and larger can be qnite dis- 
cerned thus ; for example, the slender tail of the one I 
am now going to show you, I can thus see. The posi- 
tion of any particular individual to be examined being 
thus marked, it is readily put under the object-glass of 
the microscope. I have found these leaves very pro- 

* " dear ! quite enoi^h of tMa I " 
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ductive of the more atationaiy animalcules, tlie Moti- 
fera especially. 

It was in this way I this morning found the pretty 
and delicate little WMptail, which I am going to make 
the subject of our evening's study. It is inclosed in a 
glassy shell {lorica) of a long oval form, from which 
rises on the front half of the back a thin ridge which 
in the middle has a height nearly equal to half the 
diameter of the body, but tapers off at each end. Its 
base is corrugated with wrinkles. This is not set on 
symmetrically, but leans over considerably to the right 
side. Its basal portion is hollow, and is continuous 
with the general cavity of the shell, for wc sometimes 
see portions of the viscera in its interior. 



The head of the animal is rounded, and divided 
into several blunt eminences or lobes, which are set 
with cilia ; these rotate constantly, but in-egularly and 
feebly, and do not make manifest wheels, as Brach- 
iomcs does. A small antenna projects from the back 
of the head, capable of being erected or inclined. A 
long brain descends along the base of the ridge, carry- 
ing a bright and rather lai'ge crimson eye set like a wart 
on its interior angle. 

Instead of the flexible and contractile foot )f Btach- 
ionus-, the Whiptail has a single horny spine of great 
slendemess, and exceeding in length the whole body. 



Hooted by Google 



276 EVENINGS AT THE litlCEOSCOPE. 

This spine proljably represents not the foot, "but one of 
the toes at the end of the foot. For it is attached to a 
very short foot, in the midst of two or thi'ee bract-like 
spines, one of whicli, longer than the rest, and distinct- 
ly movable, probably represents the other toe undevel- 
oped. The long spine is set on by a proper joint, a 
globose bulb being inserted into a socket, which allows 
it free motion, in all directions except backward. Tlie 
socket it-self is contained in a second joint, the basal 
part of which is inserted at some distance within the 
apertnre of the lorica. Tliis articulation is formed hj 
an infolding of the skin, bnt ia permanent in its po- 
sition. 

The most remai'kable circumstance connected with 
this elegant little animal is the unusual form of the 
dental appai'atns, which differs so immensely from that 
of Brachionus, that we should never recognise them as 
being the same organs, if we had not numerous inter- 
mediate links, which by insensible gradations connect 
the two remote forms. 

The mastax is a somewhat slender sac, much pi'O- 
dnced in length, and with the component lobes greatly 
and irregulai-ly developed. The mens has a fvlorum 
of great length and slendemess, a straight rod with a 
dilated foot. The rami are small, and pineer-shaped, 
but with the angles greatly produced. The maUeihave 
long, slender, incurved manuWia, and simple und. 

But the remarkable circumstance is the non-sym- 
metrical character of the apparatus. Tlie left side is 
much more developed than the right. The left angle 
of the imms descends to a greater distance than the 
right ; and its extremity is dilated into an expansion, 
with sevei-al in-egular points, to which muscular threads 
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are attached, Tlie ramus also of the same side is 
larger than its fellow ; so ■with tho mallei. The manu- 
hriiim of the right is compai'ativelj short, very slender, 
and of uniform thickness; with a long, slender, rod- 
like un<nis, doTihly hent in the middle. The left is 
much longer, irregtilarly swollen, clubbed at the artic- 
ulation, and bearing a thick, curved, knotted imcus, 
which terminates at a point not precisely opposite the 
tip of ita fellow. These cirenmstances, comhined with 
the unsymmetrieal chai'aeter of the dorsal ridge, of the 
foot-spine, and of some other organs, render this genus 
a highly curious one to the naturalist. 

The little "Whiptail is as lively in its motions as it 
is elegant in its form. When swimming, it glides with 
considerable ewiftneas through the water, tui'ning fre- 
quently on itfl course, and often partially revolving on 
its long axis. "When inclosed, as is often the case, by 
two fragments of the filamentous Ohara, it travels 
along the sides of its inelosure, nibbling, as it goes, 
the flocGose and sedimentary deposits on tlie surfaces 
of the leaves. The long spine-foot is commonly caii'ied 
inei'tly after it ; when the animal suddenly turns, of 
course the tail is hent at the basal joint, but it is not 
habitually whislced about, as is the tail of JBrachiomis, 
nor is it so much used as a support or turning point. 
The animal has the power of so using it, however, and 
of adhering with considerable force to the glass of the 
box or the side of a phial, by its point, 

We have hitherto looked at our Botifera hy trans- 
mitted light, and their crystalline transparency renders 
them beautiful objects when thus exhibited. But we 
will now look at the Whiptail by the. direct light of 
the sun upon it, condensed^ but not to a burning point, 
by the bull's-eye lens. 
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It now possesses a peenliar beauty of another char- 
acter. The body generally is eolonrless as a vase of 
glass, but reflects the rays brightly from its polished 
surface. An advancing egg in the ovary is opaque 
white, as is the front part of the mastax ; the stomach 
and intestine filled with vegetable matter are of a 
yellow-green ; the rotating head appears of a pale 
blue, and the eye shines out as a speck of opacLue ver- 
milion. 

With the clipping-tube I will now take up a drop 
of water from, the bottom of the Chara-jstT, allowing a 
little of the loose sediment to flow in also. This is a 
random cast ; we know not what we may get, though 
we are pretty sui-e to catch something. !Now then for 
the examination. Ha ! here is the curious Skeleton 
Wheel-beai'er Dinocharis pocUktm ; — ^nay, several of 

This genus is remarkable for possessing true joints 
in the foot ; not merely telescopic inversions of the 
skin, but permanent articulations with swollen con- 
dyles, resembling those of the antenna of a beetle. 
Hence the Skeleton has gi-eat freedom and precision 
of motion ; using the tips of the long toes as a fixed 
point, it throws its body hither and thither to a great 
distance, with remarkable agility. These joints admit 
of forward and lateral flexure, but you never see the 
body brought backward beyond a perpendicular po- 
sition, tlie swelling of the terminal portion of each artic- 
ulation precluding further motion in that direction ; 
just as the joints of our knees and elbows permit bend- 
ing in one direction but not in the other. 

This is another indication that these divisions are 
tiTie joints ; and I direct your attention to the point, 
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because tlio fuot lielps to indicate that tliis class of 
animals has its proper affinities with the Aeticulata, 
wliieli lia8 been denied hj most naturalists. 




Tlie form is eunous Ele\ ited at the summit of a 
long foot, consistins; of thiec j mt^ which surmount 
two unusually lengthened and slender toes, is a vase- 
shaped lorica, which is thiee sided Its surface is 
covered all ovei with minute points very closely set, 
so that it resembhft sliajfreen beside which it forms 
numerous shai'p iidges which ion 'icroas transvei'sely. 
The two sides ran off vito thm lateial wings, which 
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come to a sharp edge ; the back angle also forms a 
ridge, hut less shai'p and thin. In front, the shell, or 
lorica, is as it -were cut off abi-uptly, like the rim of a 
goblet, biit out of thia rises a second column, connected 
with the rim by an elastic membrane, which allowa 
some freedom of motion. This eoliunn is widely di- 
vided in front and behind, and rises to a point on each 
side. When the rotatory front is withdrawn, these 
points approach and meet, closing the orifice ; but 
when the head is protruded they are widely separated. 

Internally, we see the usual viscera contained in so 
naiTow a cavity that we are ready to suppose the waUs 
of tlie lorica nnusually thick ; this is, however, an 
optical illusion, dependent on its dilatation into those 
angular wings already noticed. The cavity penetrates 
into them ; foi- in one of these specimens I see those 
curious convoluted tlireads that are believed to be con- 
nected with respiration, within the lateral wings. The 
stomachs are generally full of gi-een and brown food, 
but they will not imbibe carmine. 

Let us look, however, a moment longer at thesin- 
gularfoot. Between the first and second joints there 
are two projecting spines ; these diifer much in differ- 
ent individuals as to their length, slendemess, and di- 
rection ; sometimes being quite short, at others as long 
as the toes ; generally, they arch downwards, but oc- 
casionally they stand out straight, or even curve up- 
wards. In some specimens these spines appear to be 
processes of the first joint, but in others we can see dis- 
tinctly that they belong to a little intermediate piece 
between the first and second apparent jomta. Between 
the two toes, on the hinder aspect, projects from the 
last joint a small spine, which is perhaps the rudiment 
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of a third toe, since we find that number in some genera 
of this claes. The whole foot, including the toes, ie 
rough with the shagreen-lilie points fJiat cover the 
lorica. 

Ton have already noticed the rapidity and fitfnl 
irregularity which the long and many-jointed foot con- 
fers upon the movements of this enrioua little form. 
From the toe-tips, as a point of adhesion, it throws its 
body to and fro, or from aide to aide, in a peculiar 
manner. The toes are sometimes sprawled out, like the 
legs of an expanded pair of compasses, and sometimes 
the joints of the foot are suddenly bent in zig-zag fash- 
ion, and then as abruptly straightened. Tlie animal 
swims gracefully, but only with moderate swiftness, 
the rotatory prown of cilia being small though forming 
the usual vortices when the animal is moored ; wliile 
thus swimming, the toes are gracefully stretched be- 
hind, nearly in contact with each other. It is hvely 
in its motions, but these seem performed witliout any 
(ffitensible object ; we do not often see it attempt to eat, 
or nibble at any substance. 

I think we never find the Skeleton except among 
the sediment at the bottom of the water in which it ia 
kept ; among which also we fi-equently see the remains 
of defunct specimens — the skeleton of the Skeleton ; 
this itself makes a pretty object ; the lorica, with ita 
points and ridges, the thoracic column, the foot with its 
joints and spines, and the toes, being perfectly preserved, 
and rendered even more clear than during life, hecause 
of the removal of all the soft internal parts hy decay, 
and by the efforts of those little scavengers, the smaller 
species of infusorial animalcule. These quickly find 
their way into the interior of any dead animal with a 
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shelly case, as a "Wheel-bearer, a Watei'-flea, or an In- 
sect, and soon deTonr every particle of soft flesh, clean- 
ing out the case in tlie most tidy manner. 

Here is a tiny subject which -will test your powere 
of observation, and possibly your patience, in satisfac- 
torily defining its structnre, partly on account of its swift 
motion and UTCgular leaps, and partly on account of its 
extreme tvanspai-ency. It is a crystalline cup, some- 
■what like the body of a wine-glass, without any foot, but 
bearing many fiat sword-ebaped processes, which, pr' 
eeeding from the breast, commonly lie flat on eacli sid 
down the body, the points projecting below. These are 
evidently stiff and highly elastic, and their use is b 
fest to any one who sees the creature in active motion. 
It swims with a rapid gliding progress, head foremost, 
but at almost eveiy moment it makes a sudden forcible 
jerk or leap backwards or to one side, and that so 
quickly that the eye often cannot follow it in the tran- 
sition. The organs by which these jumps are effected 
ai'e the long breast-spines, which are suddenly thrown 
out in various directions, and they may ffequently be 
seen extended the instant after a leap. "Wlien we con- 
sider that the creature is jerked often fom- or five times 
its ojvn length, through so dense a fluid, we shall per- 
ceive how strong the muscular action must ho which 
moves the lever-like spine. The creature is thrown 
irregularly, often with the side foremost, or the back, 
or made to perform a somersault in the act. It is prob- 
ably a sensitiveness to danger or annoyance that 
prompts these violent leaps ; at least, it frequently 
perfonns them, after a momentaiy examination of any 
floating matter with which its com-se brings it into 
contact. 
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The rotatoiy organs, the source of the coinmo]i glid- 
ing motion, are not very large or conspicuous ; the 
cilia appear to Ije set all along the brow. The eye is 
very noticeable : it is placed near the front and seems 
to be of a deep blnish-blaeli hue. 

I have not, however, as yet inti'oduced the nimble 
little stranger by name. We may eaU it familiarly the 
Sword-bearer, bnt Professor Ehrenberg has named it 
Polyarihra platyptera. 

Thia eminent authority on all that conceras these 
minute forms has placed tlie species among those which 
are destitute of a homy lorica or shell. But he is cer- 
tainly in error here, for, as you may see, there is mani- 
festly a stiff lorica, which covers the back and sides, 
but wliieli gapes widely in the middle of the under 
side, throughout its length. From the lateral points, 
however, a membrane may be seen for a short distance, 
wMch doubtless protects the viscera from actual ex- 
posure. 

The sword-lilce fins appear to bo twelve in number, 
aiTanged in groups, or bundles, of three each ; one 
bundle being set on each side of the dorsal, and one 
on each side of the ventral aspect, at about one fifth of 
the entire length from tlie frontal points. These are 
all that we can ordinai-ily count ; but I have seen 
more ; one day, while examining a specimen that 
presented a vertical aspect to me — end-on, to speak 
familiarly — the fins being all expanded, I saw with 
perfect distinctness a seventh pair, proceeding from the 
middle of the breast. They are flat, thin, narrow 
blades, of exceeding delicacy ; all distinctly serrated 
on both edges, the teeth pointing from the base out- 
ward ; each is strengthened by a central rib. They 
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are jointed independently, on rounded shelly knobs, 
and are doubtless moved by strong muscles. Under 
preissure, the knobs and the fins are brought out with 
beautiful distinctness. Here again we have tme 
jointed limbs. 

On tlie front you may discern a pair of tiny an- 
tennte, each beaiing a pencil of very fine bristles, 
And just below the level of then- base, in the centre of 
the doi'sal region, you see the lai'ge eye, of a deep red 
hue, BO deep that it frequently loots as if it were ac- 
tually and intensely black. Just below the eye appa- 
rently, hut considerably mor^ towards the ventral as- 
pect, there is a huge mastax, occupying almost half the 
length of the whole body. The jaws are very simple 
in their constmetion, and therefore very instnictive, 
for they contain the same elements as in Sraf:hio7iua y 
but from their excessive tenuity, and for other reasons 
connected with the fonn of the animal, they ai'e calcu- 
lated to tax to the utmost your perseverance and skill 
in manipulation to resolve them. They were an enig- 
ma to me for years. 

The gi'eat mastax is pear-shaped, pointing obliquely 
towards the middle of the belly. This form is owing 
to the great length of the fvlcncin, and the wide cur- 
vature of the tnaUei. Tlie raini are veiy bj-oad, some- 
what square at their base, flat, but much arched longi- 
tudinally. They open and shut vigoi-ously, with a 
snapping action, but are not protruded from the front ; 
their whole interior edges come into contact. The 
mallei are simple slender bent rods, apparently without 
distinct ai-ticulation. During life they are thick and 
irregular in outline, owing to their being invested with 
dense muscles ; as is the whole upper portion of the 
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Qnastax. These ransclea conceal or disguise the form 
and action of tlic parts during life, but the introduction 
of a drop of solution of potash into the water instantly 
dissolves away the fleshy parts, leaving the solid or- 
gans, or those composed of chitine, heantifnlly elcai', 




and fit for observation. Without this aid it would 
be impossible to resolve the structure of tliese minute 
animals. 

The little Sword-bearer, like tlie Brackwnus, earriea 
its eggs attached to the hinder part of its body, for 
some time after they are discharged ; the minute green 
oval bodies that you see sticking to the side of this 
specimen, are not, liowever, eggs, but parasitic animal- 
cules {Colacmm vesiculosum), which very frequently 
infest this species, adhering to various points of the 
shell, and even to the sword-fins. 
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"What I have now to siibrait for your examination 
is one of tlie rarest species of the class, and certainly 
not the least singular in its form. It is the Ti-ipod 
Wheel-bearer {AcHntn^s Weptni/nim). "When fully ex- 
tended, its length exceeds that of almost every other 
species, foi it reaches about one-tweutieth of an inch, 
but its extreme thiead-like slendemess precludes the 
unassisted eye from taking cognizance of it, as its thick- 
ness, ei en when gieatest, is not more than one six- 
hundiedth of an inch. 

Flora tins excessive length and tenuity, the appear- 
ance of the cieatme is very remarkable. It may be 
likenLd tu a c>hndiical tube, out of which proti-ude a 
great number of draw-tubes from 
both esti'emities, principally the 
posterior one. Those in front ter- 
minate in an oval proboscis, ■which 
liaiing a sort of finger at its ex- 
tieinity, and two eyeSj with an 
antennal tube projecting oblique- 
ly backwards, presents, wlien 
Vle^^ed laterally, a strong resem- 
blance to the head of a rabbit, the 
antenna representing the ears. In 
fionf, and just below this head- 
like proboscis, is a double swell- 
ing, containing the rotatory or- 
gans, wliich are small and seldom 
unfolded. The eyes aie deep black; probably, as in 
the last example, a red of great intensity. Wlien the 
head is withdrawn, the integnment is very clearly seen 
to be introverted. The body consists of one long cylin- 
drical tube, which receives three or four short joints to 
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complete the abdomen ; at the dorsal aspect of the ex- 
tremity of the last of these is the cloaca ; at this point 
the diameter is already very much attenuated ; but 
there are eight or nine more joints which constitute the 
foot, and these ai-e of exti-eme slenderness. Towards 
the extremity, two processes are given off behind, each 
consisting of a clnb-shaped piece, with a slender bristle 
at the tip. The foot terminates iu three long, slendei-, 
cylindrical divergent toes, which are flexible, and com- 
monly bent outward ; they are equal in thickness, and 
truncate. These are often retracted in vai'ioiis degi-ees, 
even when the foot is otherwise extended. 

Owing to the slenderness of the body, the viscera 
are greatly elongated. The mastax, as usual in this 
family, consists of two hemispheres (each bearing two 
teeth, set transversely, but converging to the centre) ; 
it is situated at a considerable distance from the wheels, 
and is reached by a long buccal funnel. The digestive 
canal is a long sac, apparently imdivided ; it origi- 
nates directly from the mastax, with, I think, two small 
basal glands ; its posterior extremity becomes grad- 
ually tapered to the cloaca. In the specimen we are 
examining, a small quantity of ftecal matter of a yel- 
lowish-brown colour is collected in two small masses, 
near the extremity. Along tlie ventral aspect runs 
the ovary, which in this specimen contains two long 
oval eggs in advanced development ; from their trans- 
parent brightness, I suspect the young are produced 
before birth. I think I can detect a contractile blad- 
der, but am not certain. 

The dorsal region of the trunk is marked with 
strong rugged lines running longitudinally ; these look 
like corrugations of the integument, but I incline to 
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thiiilc them the strongly deyeloped muscies for the re- 
tractation of the foot. Muscles are seen ruKning 
through the joints of the foot, until they can no longer 
be traced, from their tentiity. The viscera can be de- 
monstrated with difficulty, pai'tly owing to the longi- 
tudinal muscles, which are so strong and close, and 
pai-tly from the incessant contraction and elongation of 
the parts, which drive the internal organs hither and 
thither. It refuses, you see, to swallow carmine, which 
might have assisted us. 

Tliis singular animal is lively in its motions, espe- 
cially in the protrusion and retractation of the extremi- 
ties. These are constantly alternating, and a very cu- 
rious sight it is to see the immense lengtli of foot sud- 
denly thmst forth from the body, in which it had been 
completely hidden, tlio starting out of the horizontal 
processes, and the diverging of the long toes as these 
are successively uncovered. The latter do not seem to 
be often used as iusti'uments of prehension or adhesion. 
Indeed the animal does not appear very much given to 
change of place, but lies in the water, alternately con- 
tracting and elongating. ^Frequently, as the foot is 
thrust out, the body is made to bend forward so as to 
form a right angle (see the engraving, in which the ani- 
mal is thus represented at a/ 5 represents it when 
the head is rotating, but the foot is almost wholly with- 
drawn within the body ; in which state the resem- 
blance to a telescope, or to a nest of glass-tnbes, is strik- 

Tlie last specimen of this class of tiny favourites 
that I shall show you, is one of more than ordinaiy 
beauty. It is the Two-lipped Tube-wheel of the Horn- 
wort (LiTrinuis oeratophyll^. Hitherto we have seen 
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such examples as have the power of freely swimming 
from place to place at pleasure ; but ttiere ia a consid- 
erable group, of ■which this is a member, wliieh are 
permanently stationary, being fixed for life to the leaves 
or stems of the vegetation that grows under water. 
The stiff and spinous whorls of the Homwort {Oera- 
t&phyllum detnersum), that grows commonly in sluggish 
streams and pasture-pools, is a favourite resort of the 
species, but it is not confined to any one plant. Hej'e, 
for instance, it lias chosen as the site of its residence 
the mncb-cleft leaves of the Water Crowfoot [fia/nwnr- 
md^ts aquaiUis) ; those leaves, I mean, which, growing 
wholly under the water, are divided into a multitude 
of slender fingei'-like filaments, so different from those 
which float on the surface, and which are merely 
notched. 

You can readily find the Tube-wheels by the aid of 
a pocket lens, and even with the naked eye when you 
have seen one or two. By holding up this phial, in 
which a little plant of the Crowfoot is growing, and 
searching, with the lens, the window being in front of 
you, the filaments one by one, you will readily per- 
ceive, here and there, little shining objects standing 
up, or projecting in vaiious directions from the surface 
of the leaves. The colony is rather numei'ous in this 
ease, and we shall have no difRculty in selecting our 
specimens. 

On this iilament, which I have seized with tiie joints 
of a pair of pliers, I can see at least half a dozen of the 
little parasites. This, then, I will nip off from the plant, 
and put it with its tiny population into the live-box, 
Hei'C it is, ready for examination. 

Several of the animals are in the field of view ; but 
13 
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we win look at one at a time. A long narrow tnlie, 
slightly widening at the mouth, is affixed by the lower 
extremity to the slender iilamenis of 
watei'-grass, crowfoot, &c. It is about 
one-fifty-fiftli of an inch in length, pellu- 
cid but tinged witli brownish yellow. It 
appears to be of a gelatinous texture, and 
is covered with extraneoim substances, 
sneh as decaying animal or vegetable 
mattere, wliich adhere to its surface. 
From the mouth of the tube protrudes a 
transparent colourless animal, the iiead 
of which is rounded, with the exti-emity 
pursed up. Suddenly it unfolds its 
ilower-like wheel, which consists of two 
broad nearly circular lobes united, the 
margin of which is set with strong cilia, 
much resembling those of the last species. 
Each cilium appeara to be curved, and 
to be thickened at the middle — the op- 
™E-wn^ tical expression of the ciliary wave ; 
and tlie effect of the rotation, as each seems to pui-suo 
its fellows around the circular courae down the divid- 
ing sinuosity, on tlie opposite sides, and around the 
mai'gin again, is very striking. The cilia at the front 
are inten-upted between the lobes. In the centre of 
each lobe is a broad plate, suri'ounded by a blight 
ring, and crossed by radiating lines which also extend 
towards the ciliated margin ; probably these are mus- 
cular iilaments. The funnel is between the lobes, and 
leads by a short oesophagus to a bulbous transparent 
mastax, in which are seen jaws that work on each 
other. Below this is a long capacious sac, without eon- 
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volutions or constrictions, but apparently granulai- in its 
tcxtui-e. The alimentary canal is bent upwards throngh 
the whole lengtli, terminating in an orifice behind tho 
rotatory organ ; for though I have not traced it when 
empty, I have seeu the ftecal matter driven rapidly iip- 
wai'd as throngh a canal, until the mass was discharged 
just behind the Binuou8 cleft. On our mixing carmine 
tv-ith the water the eft'eet is very strilting ; the particles, 
whirled round in two circular vortices, are poured in 
an accumulated torrent through the sinuosity, and over 
tho elevation at the front of the head. "We presently 
perceive a slender line of crimson passing down below 
the mastax, wliieh indicates a slender stomach-tubo 
tliere ; and, after a while, a little ball of the same pig- 
ment accumulates and is seen resting a little lower 
down. Tliis then indicates the form and position of 
the stomach ; it must be a very slender canal, tci'nii- 
nating in a small rounded bag, at about one-third of the 
distance from the mastax to the base of the tube. 




Tlie lengthened sac which you see is the ovary, from 
which the eggs ai'o discharged into the lower part of 
the case. 

Tho mouth needs a little explanation in detail. As 
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yon see it, yoii probably discern little i-esemblanco in 
ite parts to ihe same organ in Srackiomis, and yet 
essentially it is formed of the very same conelituents ; 
and as it is very instructive to observe the modificar 
tione, in different animals, of a common model of any 
pai'ticular organ, it will be worth while to devote a 
few minntes' careful observation to this structure 
before «s, especially as it is here seen with more than 
nsual biilliancy and clearness. 

The mastax, then, which yon see in the centre of 
the animal, just below the level of the beantiful 
flower-like wheels, consists as nsual of three sub- 
globose lobes ; one on each side appropnated to each 
malleus, and tlie third descending towards tlie ventral 
aspect, which envelops the incus. The mallei aremore 
intimately united to the rami of the incus than in the 
former type, each uncus forming, with its ramus, a 
well-defined mass of muscle, enclosing tlie solid parts, 
and in form approaching the quadrature of a globe ; 
two flat faces opposing and working on each other. 
Across the upper surface of the mass the uncus is 
stretched, as three long parallel fingers arched in their 
common direction, and imbedded in the muscular eub- 
stance; their points just reaching the opposing face of 
the ramus, and meeting the points of the opposite uncus, 
when closed. The manubrium is much disguised, by 
being greatly dilated transversely, fonning three bow- 
like loops of little solidity, to the chord of which the 
fingers are soldered, not ariicuhied. The surface of 
the dense muscular mass displays stride parallel to 
the fingers, and, as it were, continuing tlieir number 
towards their dorsal extremity, becoming fainter till 
they are imperceptible. Tliese stiise do not disappear 
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when tbe mnscnlar parts arc dissolved by potash ; 
and hence I infer the existence of a delicato investi- 
ture of solid snbstance similar to that of the teeth, &c., 
enclosing the muscnlar masB. 

The incus, which cannot be separated from the 
mallei, thus consists of two portions, corresponding 
to the rami in Brachionus, &c., each of which forms 
the lower part of the quadrantic mass just described. 
At the ventral exti-emity they are articulated to a 
slender fulcrum, which is a little bent downward. 
The solid framework of each ramus sends off, from its 
inferior surface, a slender curved process, which is 
connected with the extremity of the fnlcrnm. 

Tiie action of this apparatus is as follows: — The 
ciliary vortices produced by the waves of the coronal 
disk, pass togetlier throngli tlie upper sinus, and are 
hurled in one streafii along the centre of the face, 
nearly to tlie projecting chin. Here is placed the 
oriiice of the buccal funnel, a perpendicularly descend- 
ing tube of considerable width, slightly funnel-shaped 
at the top, the interior surface of which is strongly 
ciliated. It descends straight upon the mastax, over 
the part where the unci unite. But just above this 
point there are two valves projecting from the walls 
of the tube, also well ciliated. These can be brought 
into contact, or sepai'ated in various degrees, at wil!, 
and being very sensitive, they regulate tlie force of 
the inflowing current, and donbtless exclude hurtful 
or useless substances. The cnrrent now flows along 
the two rami of the incns, as I have already described; 
and, passing between their sepai-ated points, descends 
into the <ESophagu6, a slender duct opening beneatli 
them, and leading to the digesting stomach. 
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As this current passes, tlie mandncatoiy apparatus 
acts upon the partielea of food wliich it briiijrs in its 
course. The quadrantic masses approach each other 
and recede, ■with a rapid rolling movement, in the 
direction of the curvatiire of the mallei ; while, at the 
same time, tiie rami of the incus open and close their 
points, rise and sinlr, and occasionallj perform a kind 
of shoveling action. Tlie points of the fingers of the 
unci, meeting each other, doubtless pierce and tear the 
Infusoria, swallowed, and the striated faces of the 
quadrantic masses bi'uise, squeeze, and giind them 
down. 

When the muscular investiture is dissolved away 
by potash, the essential identity of the whole structure 
with that of the type already described, becomes 
abundantly evident. Even the mallei, which in some 
aspects present difficulty, wiien viewed vertically, are 
but littlo changed ; the fingers are parallel instead of 
divei'gent, and the handle-like character of the manu- 
brium is lost; but three areas, enclosed by loops or 
carluEe of solid substance, reveal their true nature. 

We will now see if we can separate tlie animal 
from its tube, so as to examine its lower parts. By 
a gentle pressure upon tiie bottom of the tube with 
the edge of a penknife, which I bring to boar upon it 
by the aid of this simple mici'oseope, the creature is 
induced to wriggle out of his case. Ecplacing now 
the cover of the live-box, and placing it again on the 
stage of the compound microscope, we see that the 
lower part of the body forms a foot analogous to that 
of a Sraohionus, covered with ring-like wrinkles, and 
separated from the body by an abrupt constriction and 
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diminution of the diameter. At the very extremity 
there is a sort of encking-disk, by which we may pre- 
su]ne the hold of tlie animal upon tlie plant is main- 
tained. No organic connexion subsists between the 
foot and the tube ; for the latter is not an essential 
part of the animal, thotigh absurdly called a lorica 
by Ehrenberg, bnt only an accumulation of mucus 
successively exuded from tlie body, and thrown off in 
the form which it possesses by the contractions and 
otlier movements of the body. 

But see! the poor naked creature is writliing in 
contortions, which become more and more convulsive 
and epasmodic : and now it evinces great rigidity in 
these, til! the body has become almost shapeless, por- 
tions of the surface being here and there violently 
forced out into projections, and the foot strongly curled 
up. The only signs of life that now remain are the 
occasional fitful workings of the jaws. Are we then 
to suppose that the shelter of the gelatinous case is 
needful to its continued existence, or did I inflict a 
mortal injury tipon it when I laid the edge of iny pen- 
knife upon its lower part to drive it forth? Most 
probably the latter is the true solution. 

Out of the colony that remains, we will now select 
another specimen, with ripening eggs, in order to 
watch the development of the young. Here is one 
with three eggs lying obliquely in the tube, one of 
which is already showing the impatient movements 
of tlie embryo within. Ha I now the egg-shell has 
buret, and the little creature escapes from its prison, 
and quickly mates its way to the mouth of the parent- 
tube. Now it is free, and swims away rapidly, in a 
giddy headlong manner. It is quite unlike its mother; 
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for its form is trurapet-sliaped, resembling tliat of a 
Stentor with a wreath of cilia around the Iiead, inter- 
rupted at two opposite points : the central portion of 
tlie head rises into a low cone. There is as yet no 
trace of the beautiful double-petailed flo^ver. 

It has been whirling giddily about the live-bos for 
about a quarter of an hour, but now it begins to 
manifest tokens of weariness ; or rather the time is 
approaching for it to select a place of permanent 
sedentary abode. Its motion is sensibly retarded ; it 
now and then adheres to the glass momentarily, by 
its foot, and moves forward by successive jerks, not 
proceeding more than its own lengtli at a time, and 
this apparently with effort. The pei'iods of its remain- 
ing stationary become longer, so that yon may suppose 
it finally settled two or three times, before its wander- 
ings are quite over, some shock or alarm sending it off 
to a little distance again. 

At length it wandei-s no more ; its foot holds fast 
to the glass, and its movements are confined to whirl- 
ings round and round on tliis as a pivot, and to sudden 
contractions of length. Presently we see a very deli- 
cate film surrounding the point of attachment; — tlje 
first rudiment of the tube, a ring of mucus thrown off 
from the skin, and pressed down to the foot by the 
contractions of the body. Meanwhile, the ciliary 
crown is dividing itself into two, and now we see 
already the essential form and appearance of the 
mature animal, every moment developing its perfec- 
tion. 
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An examination of the diverse modea in which loco- 
motion is performed among animals, and tlie various 
organs and modifications of organs that subserve thia 
important purpose, would form no uninteresting chap- 
ter in natural history. Ton have two feet, your dog 
has four ; in the bird, two of these are converted into 
wings, with which it I'ises into the air ; in the fisli all 
of them are become fins, with which it strikes the water- 
But it is in the invertebrate classes that we discover the 
strongest variations. The Poulpe " flops" awkwardly 
but vigorously along, by the alternate contractions and 
expansions of the web that unites its aiTOs ; the Snail 
glides evenly over the herbage by means of its niuscu- 
lai* disk; the Scallop leaps about by puffs of water 
driven from its appressed lips ; the Lobster shoots eev- 
ei'al yai'ds in a second by the blow of its tail upon the 
water ; the Gossamer Spider floats among the clouds 
upon a balloon that it has spun from its own body ; the 
Centipede winds slowly along upon a hundred paire of 
feet ; the Beetle darts like an arrow upon three ; and 
the Butterfly sails on the atmosphere with those painted 
fans which are properly " aerial gills." How elegantly 
does the Pla/n<wia swim by the undulation of its thin 
body, and the Medusa by the pumping forth of the 
water held within its umbrella I How wondrouely does 
13* 
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the Echinus glide along the side of tlie tank on its hun- 
dreds of sucking- disks ! How beautiful, and at the 
same time liow effective, ai'o the ciliary wheels of the 
BracMonus. 

I am now going to show yon some otlier examples 
of travelling machinery in an humhle and despised, but 
far from uninteresting class of animals, — the Worms. 
Here is an Earth-worm upon the garden-border. "With 
what rapidity it winds along, and now it pokes its sharp 
nose into the ground, and now it has disappeared t If 
your eye could follow it, yon would see that it makes 
its way through the compact earth not less easily nor 
less rapily than it wound along the surface. If you 
take it into your hand, you perceive no feet, wings, fins, 
or limbs of any kind ; only this long cylinder of soft 
flesh, divided into numerous succesBive rings, and taper- 
ing to each extremity. The veiy snout which you eaw 
enter so easily into the substance of tlie soil, is no hard 
bony point, but formed of the same soft yielding flesh 
as the other parts. And yet with no other implement 
does the little worm penetrate whithersoever it will 
through the gi'ound. How does it effect tliia ? 

The fineness of the point to which the muzzle can 
be drawn is the first essential. This can be bo atten- 
uated tliat the grains of adherent soil can readily be 
separated by it, when its action is that of the wedge. 
The body being drawn into the crevice thus made, the 
particles are separated still farther. !Now another pro- 
vision comes in ; the whole sui'face of the skin secretes 
and throws off a quantity of tenacious mucus or slime, 
as you will immediately perceive if you handle the 
Worm ; this has the double effect of causing the p 
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particles of soil to adhere togetlier, and theu to form a 
cylindrical wall, of which they are the bricks, and the 
slime the mortar ; and also of greasing, as it were, the 
whole interior of the biirr*^w or passage thus made, so 
that tlie "Worm can travel to and fro in it without im- 
pediment; while the fact that the slime is continually 
poured forth afresh prevents the least atom of earth from 
adhering to its body. Tliis yon have doubtless ob- 
served, or may observe in a moment, if yon will talce 
the trouble to tlirust a spade into tlie ground and give 
it two or tliree shakes. Yon will presently see on all 
sides the alarmed Earth-worms coming swiftly to the 
surface, and will notice how perfectlj' sleek and clean 
they are. 

Bnt these couti-ivancea are only accessories : we 
have not yet discovered the secret of tlie easy move- 
ment. The mere elongation of the snout is no explana- 
tion of the disappearance of tlie Worm in the burrow; 
for yon will naturally and reasonably say that this 
elongation cannot extend beyond a certain limit ; and 
what then ? No further progress can be made unless 
tlie hinder parts of the body are, by contraction, drawn 
up towards the elongated front ;— but what holds the 
front in place meanwhile ? Why, when the muscles 
contract, does not tlie taper, wedge-like muzzle slip 
back and lose the ground it Iiad gained ? 

This we Avill now look at. I take up this Worm 
and put it in a naiTow glass cell, where we may watch 
its movements. It presently begins to elongate and 
contract its body vigorously, apparently alarmed at its 
unwonted position ; and the mucus is thrown off in co- 
pious abimdance. We apply a low microscopic power 
to it, and catch glimpses, now and again, as it writhes 
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about, of a numbei' of tiny points pi-otitided and re- 
tracted with rhythmical symmetry throngh the skin, 
ItB mobility precludes oiir discerning much more than 
that these points are very niimerona, that thoy are ar- 
ranged in four longitudinal linea, running along the 
ventral side of the animal — two lines on each side — 
and that in each line there is a point proti-uded from 
each of the many rings of which the "Worm's body is 
made up. 

In order to see a little more of these organs we must 
sacrifice a Worm; having killed it, and divided the 
body in the middle, I cut off, with sharp scissors, a 
small transveree portion, say two or three rings, and 
press the fragment between plates of glass. Now, with 
a higher magnifying power, wo discern in the midst of 
the translucent ilesh tlie points in question. Tliey are 
not, however, single ; but each protrusile organ consists 
of a pair of transparent, brittle, glassy rods, shaped like 
an italic /", of whicii the recurved points are directed 
backwai-ds when thrust out from the skin, 

Tlie mode in which these assist the progression of 
the Worm is well described by Professor Rynier Jones. 
"The attenuated rings in tlie neighbourhood of tlie month 
are first insinuated between tlie particles of the earth, 
which, fi'om their conical shape, they penetrate like a 
sharp wedge ; in this position they are iirmly i-etained 
by the numerous recurved spines appended to the dif- 
ferent segments ; the hinder parts of tlie body are then 
drawn forward by a longitudinal contraction of the 
whole animal — a movement which not only prepares 
the creature for advancing further into the soil, but by 
swelling out the anterior segments forcibly dilates the 
passage into which the head had been already thrust ; 
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the spines upon tlio liiiidcr lin^ then take a finu hold 
upon the aides of the hole thus formed ; and, preventing 
any rcfrogi'ade movement, tlie head is again forced for- 
ward through the yielding mould ; so that, by a repeti- 
tion of the process, the animal is able to advance willi 
the greatest apparent ease through substances -which it 
would at first seem utterly impossible for so helpless a 
being to penetrate." * 

Implements analogous to th^e are found in most 
of the animaU ot tht, class ArmeUda, to which the 
Earth-worm belongs But in this creature you see 
them in their simplest form : it is to the aquatic 
Worms that yon must look if you wish to see the amaz- 
ing diversity , complexity, and delicacy of these organs. 
In these there are one or two pairs of " feet" on each 
ring, consistmg of wart-lite prominences, which are 
perforate and protrusile, and through the middle of 
which work a number of bristles {setm), arranged in a 
radiating pencil, something like the hairs of a paint- 
brush. In this transparent and colourless little Kais 
from fresh water, yon may see tlieir form and arrange- 
ment ; in complexity they present an advance upon 
the Eartii-wonn, for here there 
are some seven or eight bris- 
tles in each pencil, which radi- 
ate in the same plane, and are ' 
graduated in length ; they are 
very slender, bent at the tip, 
and as transparent as if drawn 
out of sjran glass. It is inter- 
esting to observe with what lightning-like rapidity they 

" Gen, Outline, p. S02. 
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are tliniat out and withdrawii in constant succession, as 
the body is ever lengthening and shortening. 

Let lis exchange this little freshwater Wonn for a 
marine one. Here is a Polynbe, a curious genus, very 
common undei- stones at low water on our rocky shores. 
It is remarkable on several accounte. All down the 
back we discover a set of oval or kidney-shaped 
plates, which are called the back-shields {dorsal eh/tra) : 
these are flat, and are planted upon the back by httle 
footstalks, set on near the margin of the under surface : 
they are arranged in two rows, overlapping each other 
at the edge. These kidney-shaped shields, which can be 
detached with slight violence, are studded over with 
little transparent oval bodies, set on short footstalks, 
wliich are perhaps delicate organs of touch. The inter- 
'mediate antennse, the tentacles, and the cirri, or fila- 
•ments of the feet, are similarly fringed with these little 
appendages, which resemble the glands of certain 
plants, and have a most singular appearance. If we 
remove the shields, we discover, on each side of the 
body, a row of warHike feet, from each of which pro- 
ject two bundles of spines of exquisite structure. The 
bundles, expanding on all sides, resemble so many 
sheaves of wheat, or you may more appropriately fancy 
you behold the armoury of some belligerent sea-fairy, 
with stacks of arms enough to accoutre a numerous 
host. But if you look closdy at the weapons them- 
selves, they rather resemble those which we ai'e accus- 
tomed to wonder at in missionary museums— the arms 
of some ingenious but barbarous people from the South 
Sea Islands — than such as are used in civilised warfare. 
Here are long lances, made like scythe-blades, set on a 
staff with a hook at the tip, as if to capture the fleeing 
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foe and bring him within reach of the blade. Among 
them are others of similai' shape, but with the edge cut 
into delicate slanting notches, whicli nm along the 
sides of tlie blade like those on the edge of our reaping- 
hooks. These are chiefly the weapons of the lower 
bundle ; those of the upper ai'e still more imposing. 
The outmost are short curved clubs, armed witli a 
row of shark's teeth to make them more fatal ; these 
sxirround a cluster of spears, the long heads of which 
are furnished with a double row of the same appen- 
dages, and lengthened scyraitars, the curved edges of 
which are cut into teeth like a saw. Though a stranger 
might think I had drawn copiously on my fancy for 
this description, I am siire, with your eye xipon what is 
oil the stage of the microscope at this moment, you 
will acknowledge that the resemblances are not at all 
forced or unnatural. To add to the effect, imagine that 
all these weapons are forged out of the clearest glass 
instead of steel ; that the larger biindles may contain 
about fifty, and the smaller half as many, each ; that 
there are four biindles on every segment, and that the 
body is composed of twenty-five such segments, and 
you will have a tolerable idea of the garniture and arma- 
ture of this little Worm, that grabs about in the mud 
at low-water mark. 

Should it ever be your foi-tune to fall in with a 
species of Sea-mouse {Aphrodite hysirix) which inhabits 
our southern coast a little way from the shore, yon 
may be delighted and surprised with a modification 
of these organs, which exhibits a more tlian ordinarily 
obvious amount of creative forethought and skill. I 
will describe them in the words of the learned his- 
torians of these animals, MM. Audouin and Milne-Ed- 
wards : — ■ 
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" Tlie feet are divided into two very distinct 
branches, the lower of which is large, conical, of a 
yellowish-brown hue, and much shagreened on the sur- 
face. The Tipper branch is much less salient than the 
lower, "W"o observe at the foot of the dorsal shields 
two bundles of dgid bristles : the one, expanded like a 
fan and applied upon the shields, is flsed immediately 
outside the insertion of those organs ; the bristles which 
compose it are awl-ahapcd, without teeth, slightly 
eui-ved, and directed inwards and backwards ; their 
colour is a clear brown, with golden reflections. The 
second bundle is inserted more externally, on a tuber- 
coloua footstalk, and points horizontally backwards 
and outwards. The bristles which enter into its com- 
position are very long, very strong, and terminated by 
a lance-ehaped point, of which the edges ai-e garnished 
with teeth curved backwards towards the base. Tliese 
are veritable barbed arrows, having the extremities 
sometimes exposed, but often concealed in a sheath 
which is formed of two homy pieces, capable of open- 
ing and of closing again upon them. 

" The use of these two valves it is not difficult to 
detect. They protect the points of the arrow, and per- 
mit the Aphrodite to receive them again into its body 
unbanned ; whereas, without this precaution, the tis- 
sues which they traverse would bo cut and mangled. 
But when these weapons are deeply plunged into a 
foreign body, as into the soft flesh of those animals 
which annoy the "Worm, since the sheath does not pene- 
trate with them but folds back, it follows tliat their 
teeth are inserted without any protection, and that on 
account of their backward direction they can be with- 
drawn only with gi-eat difficulty ; thus, in most eases, 
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the dai-t becomes broken ; but the animal is furnished 
with BO great a number, that these losses are scarcely 
felt, and there remain to it amply suffieient for its de- 
fence in all contingences." * 

You will have noticed that the leanied French zool- 
ogists seriously countenance the notion that these ex- 
quisitely elaborated organs are weapons of offence. 
But in this I think they are in error, misled by the 
resenablance, already alluded to, which they bear to 
■weapons of human construction. The manner in -which 
they act as implements of locomotion has been beauti- 
fully demonstrated by Dr. "Williams in the Nereidons 
WoiTOs, of which he observes that in nearly all species 
the feet are constructed with express reference to pro- 
gression on solid surfaces. In many instances, the 
bristle is compound, consisting of a staff with a vari- 
ously armed point or blade jointed to its extremity. 
" "Viewed by the light of mechanical principles, nothing 
can be so obvious as the reason why the setw in these, 
as in nearly all other Annelida, are jointed. K they 
consisted of rigid, unbending levers, it is manifest that 
they would prove most awkward additions to the sides 
of the animals ; if fixed too deeply in tlie surrounding 
soil, they would not act at all as levers ; if too super- 
ficially, the Wonn would be compressed in its tube at 
the moment when the setw of the opposite feet would 
meet in a straight line. These difficulties are effectually 
and skilfully obviated by the introduction of a joint or 
a point of motion on each seta. This is one instance 
among many which the eye of the mechanician would 
detect on the organization of the Annelida in which 
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iN'ature takes adroit advantage of meehaiiieal principles 
in the attainment of her ends." * 

Look now, in illustration of these principles, at the 
bristlc-feet of this beantifnl gi-ecu Phyllodoce. No 
doubt you have often seen it in the littlo hollows of our 
rocty ledges, and especially on beds of young mussels, 
and probably you have admired the elegant ease witli 
which its lithe and toiiuons body writhes and winds, 
like a bit of green silken cord, in and out among the 
compactly crowded shells. You have wondered, too, at 
the difficulty which attends the attempt to take it up, 
not on account of the rapidity of its motions, but be- 
cause of the extreme slendemess and slipperiness of the 
subject, and of the power which it possesses of insinu- 
ating itself into the smallest crevice. 

The foot in this genus has but a single branch, and 
a single pencil of bristles, which is placed between the 
flat swimmiiig leaf that ornaments each segment and 
tlie lower drrus. Tlie bristles are of the compound 
jointed fonn, but the joint is fixed m a peculiar manner. 
Tlie basal portion is drawn out into a very slender long 
straight shaft, terminating in a knob somewhat resem- 
bling the end of a limb-bone. This is slit in one direc- 
tion to receive tlie terminal piece, which is shaped 
somewhat like a lance-head, and is inserted into the slit 
exactly as a knife-blade is fixed into the haft. The 
head is in fact a knife-blade, with a thickened back and 
a very thin edge, which is notched into teeth of the 
most exquisite delicacy. The blade is shghtly curved, 
and drawn out into a long acute point ; and the whole 
biistle is formed out of an elastic homy substance (prob- 

* Rep, oil Brit. Annelid*, 211. 
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ably ebitinc) that rivals in transpai-eney and brilliancy 
tbe purest flint-glass. 

I might adduce a vast variety of examples of these 
organs in the Marine "Worms, all of which would cLarm 
you by tlieir elegance and by their exti'eme diversity ; 
but I have other things to show you in this interesting 
class of animals, which fortunately are so common on all 
our shores, that you will have no difficulty in procur- 
ing plenty of specimens for your private observation 
and study. And if you need intelligent guidance, you 
cannot have a better mentor than Dr. Williams, whose 
admirable " Report on the British Annelida " I have 
just cited. 

Before we dismiss our little Phyllodoce to ils home 
in the aquarium, we mnst try to get a sight of its 
pretty mouth. The Worms are somewhat wayward in 
displaying tliis part of their charms, sometimes expos- 
ing it at intervals of a second or two for veiy many 
times in succession, at others sullenly keeping it 
closed ; and no efforts that I am aware of on our part 
will induce the display : we must await their pleasure. 
It is, in fact, a turning of the throat inside out. In 
moat of the Worms tbe head is minute, and what seems 
to be the moutli is but the orifice from which the throat 
or proboscis is everted. In the Pkyllodooes this organ 
is a great muscular sac, in some species equalling in 
length one-fourth of the whole body. 

Ha I there it appears I What a chasm yawns in 
the under side of the head, as the interior begins rap- 
idly to protrude, turning inside out as it comes forth, 
like a living stocking, until it assumes the form of an 
enormous {eompa/ratvoely enoi-mous, of course) pear- 
i bag, the surface of which is beset with a multi- 
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tude of secreting warts or glands, somewhat like the 
papillfe which stud the tongue in higher animals ! 
The extremity, which is perforated, is sun-oimded ty a 
muscle, by means of which it contracts forcibly on 
whatever it is applied to, and time holds it finnly, while 
the re-inversion of the sac drags it into tlie body to be 



But this huge proboscis disappeai's as rapidly and 
as wonderfully as it was revealed. Commencing at 
what is now the outer extremity, which is quietly 
turned in, the whole swiftly returns to its cavity in the 
inverse order to that in which it was extended ; and 
now that it is all engulphed, we marvel tliat so vast a 
sac can be packed away in so slender a ease. 

In this intsance the armature of the proboscis is 
feeble ; but we have species which are veiy elaborately 
armed. There is a minute species of Xoniirinereis, 
which commonly appears in our aquaria after they have 
been some time established, and breeds in vast numbers 
on the floceose matter that clogs the bottom and sides. 
In this tiny "Worm tliere is a formidable array of jaws, 
resembling black hooks, which we may discern through 
their pellucid tissues, snapping and cutting viciously 
like so many pairs of hooked scissors. Though I have 
often had this little specie in my tanks in copious 
abiindance, I regret to say I cannot find any at this 
moment for onr examination, and shall therefore content 
myself with translating for you MM, Audouin and 
Milne-Edwards' description of the jaws as they appear 
in a closely-allied form, but of far gi-eater dimensions, 
Munice. 

" The proboscis is not very proti-usile ; when it ia 
withdrawn its external orifice is longitudinal, and the 
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jaws are fixed on each side, all facing the medial line. 
"When it is projected, liowevcr, the two margins of 
the longitudinal cleft become transverse in separating, 
and the jaws follow the same movement, and diverge 
in the ratio of their forwardness. A kind of lower lip 
which 19 affixed to the under side of the prohoscis, ia 
composed of two homy blades united towards their 
front extremity, and prolonged behind into points. 
The jaws are to the number of seven ; three on the 
right and four on tlio left ; the two upper ones are per- 
fectly alike, and mutually opposed ; they are large, 
uaiTOW, pointed recurved hook-wise at the tip, and 
jointed at their hinder ends on a double horny stem 
shorter than themselves. The second pair of jaws are 
large, broad and flat, mutually alilre, and jointed on the 
lower side of the first pair ; . . . their internal edge is 
straight and cut into deep teetli. The third pair are 
small, thin, concave, and notched ; they are affixed by 
their inferior edge outside and in front of the second 
pair, which they conceal during repose. Finally, the 
supemumeraiy jaw, which is fonnd on the left side 
only, ia small, semi-circular, toothed, and placed be- 
tween the second and third pairs. All these pieces are 
surpassed by the margin of the proboscis, which is 
often hard and black." * 

From this complex and formidable moiith we will 
pass to one of CLuite another form, not less eifeetive, 
perhaps more formidable, but ordained "by the goodness 
of Gk)d to be a most valuable agent in the relief of hu- 
man suffering. I mean the Medicinal Leech, of which 
we can readily procure a specimen from our friend the 
apothecary. 

* Litt, de la France, ii. 1S3. 
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Here it is. Thei'e is no protrusile proboscis, but the 
throat is spacious, and capable of being everted to a 
sligbt degree. The front border of tbe month is en- 
larged so as to form a sort of upper lip, aud this com- 
bines with the wrinkled muscular mai-gin of tlie lower 
aud lateral portions to form the sucker. ^With the dis- 
secting acisBOre I slit down the ventral margin of the 
sucker, exposing the whole 
thioit Then, tl e edges 
L being folded bick, we sec 
implanted in the \^ ills on 
the doisil legion oi the 
ciMty thiee white emi 
nencea cf a cii tillaginous 
tevtuie, ^\hich use to a 
sharp ciescenticedgc, they 
form a triangular, or ratlier a triradiate figure. 

Now, if you recollect, this is the figure of the cut 
made in tlie flesh wherever a Leech has suckei;], as it is 
of the scar which remains after the wound has healed. 
For these three little eminences are the implements witli 
which the animal, impelled by its blood-snckiug in- 
stincts, effects its pni'pose. But to understand the ac- 
tion more perfectly, we must use higher powers. 

I dissect out of the flesh, then, one of the white 
points, say the middle one, and laying it in water in 
the compressorium, flatten the drop, but use no more 
pressure than just enough for that, Now I apply a 
power of 150 diameters, and we will look at it in suc- 
cession. You have under your eye a sub-pellucid mass, 
of an irregnlai" oval figure, and of fibrous texture, one 
side of wJiich is thinned away apparently to a keen 
edge of a somewhat semi-circular outline. But along 
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this edge, and as it wci-e imbedded into it for about 
one-tKird of their length, are set between seventy and 
eighty crystalline points, of highly refractive substance, 
resembling glass. Tliese points gi'adually decrease in 
size towards one end of the series, and at length cease, 
leaving a portion of the cutting edge tootliless. At the 
end where they are largest, they are nearly close to- 
gether, but at length are separated by spaces equal to 
their own thickness. The manner in which they are 
inserted closely resembles, in tliis aspect, the im- 
plantation of the teeth in the jaw of a dolphin or croco- 
dile. 

But this appearance is illusory. By affixing the 
httle jaw to the revolving needle, we bring tlie edge to 
face our eye. It is not an edge at all ; but a nan-ow 
parallel-sided margin of considerable breadth. And 
tho teeth are not conical points, as they seemed when 
we viewed them sidewise, but flat triangiilar plates, 
with a deep notch in their lower edge, Tlius they 
partly embrace, and are partly inserted in, tho margm 
of the jaw. 

Observe now how beautifully this apparatus sub- 
serves the purpose for which 
it is intended. By means of 
its sucker, the Leech creates 
a vacuum upon a certain part 
of the skin, exactly like that 
produced by a cupping-glass. 
The skin covered is drawn in- 
to the hollow so far as to ren- 
der it quite tense, by the jiwor tEan (mpo/o 
pressure of the surrounding air. Tlius it is brought 
into contact with the edges of the three jaws, to which, 
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by means of powerful mnacles attached to them, a see- 
saw jnotion is communicated, which causes the little 
teeth soon to cut through the skin and snpei-ficial ves- 
sels, from which the blood begins to flow. The issue 
of tile vital fluid is then promoted by the pressure 
around, and so goes on Until the enormous stomach of 
the Leecli is distended to repletion. 

It has been suggested that this whole contrivance, 
with the instinct by which it is accompanied, is in- 
tended for the benefit of Man, and not of the Leech. 
Blood seems to be by no means the natural food of the 
Leech ; it has been ascertained to remain in the stomach 
for a whole twelvemonth without being digested, yet 
remaining fluid and sound during the entire period ; 
while, ordinarily, such a substance cannot in one in- 
stance out of a thousand be swallowed hy the animal 
in a state of nature. Whether this be so or not — ■ 
whether man's relief under suffering were tiie sole ob- 
ject designed, or not, it was certainly one object ; and 
we may well be thankful to the mercy of God, who 
lias ordained comfort through so strange an instramen- 
tality. 

The progress of marine natural liistory, as studied 
in the aquai-ium, has made our drawing-rooms and 
halls familiar with a multitude of curious and beautiful 
creatures which a few years ago were known only, and 
that very imperfectly, to the learned professors of tech- 
nical science. Among the forms which embellish our 
tanks are several species of Serpula, and "Woi-ms allied 
to it. The shelly contorted tube which tliis painted Sea- 
worm inhabits, and which it has built up itself ai-ound 
its own body, with stone and cement which that body 
supplied, is well known to you ; as is also the cui-ions 
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conical stopper with which it closes up its bottle as witli 
cork, when safe at home, and the lovely crown of gor- 
geously coloured fans which it expands when it takes 
(" the wir" I was about to say, hut rather) the icater. 
You are familiar, too, with the lightning-Hke rapidity 
with which, while in health and vigour, the Serpula^ 
on the slightest alarm, retreats into his fortress, tailing 
cave to clap the door to after iiira, But perhaps you 
have never had an opportunity of examining the 
mechanism by which this rapid flight is eifected. 

As there aje two distinct movements perfonned by 
the Worm — the slow and cautious and gradual pro- 
trusion, and the sudden and swift retreat — so there 
are two distinct sets of oi^ans by which they are per- 
formed. Shall I sacrifice one from this fine group to 
demonstrate the medianism ? Well, then, I carefully 
break the shelly tube, and extract the "Worm unin- 
jured. 

Its form is, you perceive, much shorter and more 
dumpy than you would have supposed from looking 
at the tube ; and it is somewhat flattened, having 
a back- and a belly-eide. On the former there is a 
sort of shield, the sides of whicli bear wai-t-like feet, 
— about seven pairs in all — which are perforated for 
the working of protrusllo pencils of bristles, similar in 
eti-ucture and in function to those which we lately ex- 
amined. 

Here is one of the pencils extracted. To tlie naked 
eye it is a yellowish body with a satiny lusti'e ; and 
this effect depends upon the light being reflected from 
a number of nearly parallel lines — the staves of the 
spear-like bristles, which the eye cannot resolve in 
detail. A drop of the caustic solution of potasli 
14 
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s the tandle from the fleshy matter which would 
otherwise ohseure the vision, and now I place it on the 
stage. 

"With this power of 400 diameters you see a multi- 
tude- — some twenty or thirty, or more — of very long, 
slender, straight rods, of a clear yellowish homy sub- 
stance, set side by side, like a sheaf of spears in an 
armory. Each one merges, at its upper end, into a 
sort of blade, which is slightly bent, and which tapers 




to an exceedingly fine point. But its chief peculiarity 
is that the blade has a double edge, not like a two- 
edged sword, the edges set on opposite faces, but on 
the same face, set side by side, with a groove between 
them ; and each edge is cut witli the mt^t deHcate and 
close-set teeth, the lines of which pass back upon the 
blade, as in our reaping-hooks. 

These pencils of spear-like bristles are the organs 
by which the protrusion of the animal is performed. 
Iheir action is manifestly that of pushing against the 
walls of the interior, which on close examination arc 
seen to be lined with a delicate membrane, exuded 
from the animal's sltin. The opposite feet of one seg- 
nient protmde the pencils of bristles, one on each side, 
tlie acute points and teeth of which penetrate and 
catch in the lining membrane; the segments behind 
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tliia are now di-awn up close, aiid extend their bristles ; 
these catch in like manner ; then an elongating move- 
ment takes place ; the pencils of the anterior segments 
being now retracted, tliey yield to the movement and 
are pushed forward, while the others are held firm by 
the resistance of their holding bristles ; thus gi-adually 
the foreparts of the animal ai'e exposed. 

Bat this gradual process would ill suit the necessity 
of a creature so sensitire to alarm, when it wishes to 
retreat. We have already seen how, with the fleetness 
of a thought, its beautiful crown of scai'let plumes dis- 
appears within its stony fastness : let us now look at 
the apparatus which effects this movement. 

If you look again at this Serpxda recently extracted, 
you "will find, with a lens, a pale yellow line running 
along the upper sm'face of each foot, transversely to 
the length of the body. This is the border of an ex- 
cessively delicate membrane ; and on placing it under 
a highei- power (say 600 diameters), you will be .aston- 
ished at the elaborate provision here made for pre- 
hension. This yellow line, which cannot be appreciated 
by the unassisted eye, is a muscular ribbon over wliich 
stand up edgewise a multitude of what I will call 
combs, or rather sub-triangalar plates. Tliese have a 
wide base ; and the apex of the triangle is curved over 
into an abrupt hook, and then this is cut into a number 
(from four to six) of sharp and long teeth. The plates 
stand side by side parallel to each other, along the 
whole length of tlie libbon, and there are muscular 
fibres seen affixed to the basal side of each plate, which 
doubtless give it independent motion. I have counted 
136 plates on one ribbon ; there are two ribbons on 
each thoracic segment, and there are seven such seg- 
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ments : — hence we may compute the total niiml)ei' of 
prehensile comh-like plates on this portion of the body 
to be about one tliousand. nine hundred, each of which 
is wielded by muecles at the will of the animal ; while. 
as each plate carries on an average five teeth, there are 
nearly ten thousand teeth hooked into the lining i 
braiie of the cell, when the animal chooses to descend, 
Even tliie, however, is very far short of the total num- 
ber, because long ribbons of hooka of a similar struc- 
ture, but of smaller dimensions run across the abdo- 
minal segments, which are much more numerous tlian 
the thoracic. No wonder, with so many muscles 
wielding so many grappling hooks, that the retreat is 
BO i-apidly effected ! 
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CHAPTER XVI. 



U SEA-CUCDMBEES. 

Peeking about among tlie rocks to-clay at low-tide, I 
found, on turning over a large stone, an object wliicli, 
tbougli familiar enough to those who are conversant 
witli the sea and its treasures, wonld surprise a curious 
observer fresh from tlie fields of Warwickshire. It is 
a ball, peifectly circular, and neai'ly globular — only 
that its under part is a little flattened — hard and shelly 
in its exterior, which is however densely clothed with 
a forest of shelly spines, each-one of which has a limit- 
ed amount of mobility on its base. On attempting to 
remove it, I find that it adheres to the stone with some 
firmness, and that on tlic exercise of sufficient force, it 
comes away with a feeling as if something were torn, 
and I find that a multitude of little fleshy points are 
left on the stone. Having dropped my prize into a 
glass coUecting-jai' of sea-water, I presently see that it 
is slowly marching up the side, sprawling out on every 
side a multitude of transparent hands, with which it 
seems to feel its way, and which are evidently feet 
also, for on these it crawls along at its own tortoise- 
pace. And I now see that it is the knobbed ends of 
some of these feet which were torn away by my forci- 
ble act of ejectment, and left clinging to the stone. 

It was not the first time that I had seen the Sea- 
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■archin {Mihinus miliaris); and I might have passed 
it by with a feeling of satiated curiosity, had I not re- 
collected our evenitig's amusement. Oh, ho! said I, 
what a fund of microscopic entertainment is inclosed 
in this stone box ! So I brought it home, and now pro- 
duce it as the text of our conversazione. 

Every part is a wonder; but we must examine 
each in order. Take the spines first. 

As we examine tliese organs on tlie animal crawl- 
ing at ease over the bottom of a saucer of sea-water, 
using this triple lense, we see that each is a taper pil- 
lar, rounded at tlie summit, and swelling at the base, 
wliere it seems to be inserted into a fleshy pedestal, on 
which it freely moves, bending down in all directions, 
and describing a circle with its point, of which the 
base is the centre. Each spine is for tlie greater por- 
tion of its length of a delicate pea-green hue, but the 
terminal part is of a line lilac or j^ale purple. The 
whole smface appeal's to bo fluted, like an Ionic 
column, but this is an illusion, as you will see pres- 
ently. 

1 now detach one of the spines, cutting it off with 
fine-pointed scissors as near the base as I can reach. I 
put it, with as little delay as possible, into the live-box, 
and examine it with a high power, say 600 diame- 
ters. Look at it. You see the ciliary currents very 
distinctly ; and if you move tlie stage so as to bring 
the basal portion into view, you may dieceiTi even the 
cilia themselves, very numerous and short, quivering 
■with a rapid movement. The currents are not longi- 
tudinal, but transverse, and somewhat peculiar. The 
floating atoms which come within their vortex are 
drawn in at right angles to the axis of the spine, and 
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are presently hurled away in tlie same plane ; forming 
a circle, whose plane is peiijendicnlar to the direction 
of the spine. The surface upon which these cilia are 
Bet 19 a transparent gelatinous skin, of extreme tenuity, 
sti-etched tightly over the solid portion, which it com- 
pletely eovei-s, and studded with minute oval orange- 
coloured grains. 

The substance of which the spines are composed is 
beat seen by crushing a few of these organs into frag- 
ments. We now see a texture beautifully delicate; 
they are formed of calcareous substance as transparent 
as glass, and reflecting the light like that material ; 
hard but very brittle ; clear and solid, with a fibrous 
appearance in some parte, but in others excavated 
into innumerable smootli rounded cavities which join 
each other in all possible ways. It is to this structure 
that the spine owes its strength, its lightness, and its 
brittleness. 

This an'angement of the calcareous deposit in a sort 
of glass full of minute intei'-communicating hollows, is 
very pecuHar, but it is invariably found in the solid 
parts of this class of animals ; so that the experienced 
naturalist, on being presented with the minutest frag- 
ment of solid substance, would, by testing it with his 
microscope, be able at once to affirm with certainty, 
whether it had belonged to an Eolvmoderin oi' not. 
And tliis uniformity obtains in all the divei's forms 
which the animals assume, and in all the various 
organs which are strengthened by calcareous deposits 
— Crinoid, Brittlo-stai", Fivo-finger, Urcliin, Sea-gher- 
kin, or Synapta; — ray, plate, spine, sucker-disk, lan- 
tern, pedicellaria, dumb-bell, wheel, or skin-anchor — 
■whenever wo find calcareous matter, we invariably 
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find it houej-combecl, and eroded, as it were, iti tliia 
remarkable fashion. 

Dr. Cai"penter has desciibed this texture bo well, 
that I shall not apologise for quoting his words to yon, 
especially as you will have an opportunity hero of 
testing their con-ectness, by pei'sonal observation. "It 
is," he remarks, "in tlie structure of that calcareous 
skeleton, which probably exists, under some form or 
other, in every member of this class, that the micro- 
scopist finds most to interest him. This attains its 
highest development in tlie EcMnida, in which it 
forms a box -like shell, or ' test,' composed of numerous 
polygonal plates jointed to each other with great ex- 
actness, and beset on ifs extcraal surface with 'spines,' 
which may havo the form of prickles of no gi-eat 
length, or may be stont, club-shaped bodies, or, again, 
may be veiy long and slender rods. Tlie intimate 
etrnctnre of tlie shell is everywhere the same ; for it 
is composed of a network, which consists of carbonate 
of lime, with a veiy small quantity of animal matter 
as a basis, and which extends in every direction {i. e. 
in thickness, as well as in lengtli and breadth), its 
areolEB or interspaces freely communicating with each 
other. These ' areolae,' and the solid structure which 
surronnds them, may bear an extremely variable pro- 
portion one to the otlier ; so that, in two masses of 
equal size, the one or the other may greatly pi-edom- 
inate ; and the texture may have either a remarkable 
lightness and porosity, if the network be a very open 
one, or may possess a considerable degree of compact- 
ness if the solid portion be strengthened. Generally 
spealiing, the different layers of this network, which 
are connected together by pillare that pass from one 
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to the other in a direction pei-pendicnlar to their plane, 
are so an-anged that the peiforafions in one shall cor- 
respond to the intermediate solid structure in the next, 
and their ti-ansparency is such, that when we are ex- 
amining a section thin enough to contain two or three 
such layers, it is easy, by properly 'focussing' the 
microscope, to bring either one of them into distinct 
view. From this very simple but very beautiful ar- 
rangement, it comes to pass that the plates of which 
the entire ' test ' is made up, possess a very considora- 
able degree of strengtli, notwithstanding that their 
porousness is such, that if a portion of a fractured edge, 
or any other part from which the investing membrane 
has been removed, bo laid upon fluid of almost any 
description, this will be rapidly sucked up into its 
substance." * 

To return, however, to our spine. "When we look 
at it laterally, tlie appearance ia such that wo cannot 
but iirmly believe, that it is gi'ooved throughout with 
straight and deep longitudinal fuiTows. But if we 
break off the same spine transveraely, and so exhibit 
it that the broken end shall he presented to tJie eye, 
wo perceive that there are no grooves; but that the 
points in the circumference, which seemed to be the 
summits of the ridges, which are very narrow, ai-e 
really lower than the intermediate spaces, which we 
supposed to be the grooves, and that the surface of 
these spaces is really convex in a slight degree. 

Tlie explanation of these contradictory appearances 

is easily given. Meanwhile, however, they i^ead an 

important lesson to tlie inexperienced microacopist, 

not to decide too hastily on the character of a surface 

* The Microscope, p. 653. 

14* 
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or a structure, IVom one aspect merely. So many are 
the chances of illusion, that the student should always 
seek to view liis subject iu different aspects, and under 
varying conditions of light, position, &c. 

It is by making a thin transverse section of a spine 
— cutting off a slice of it, to speak iu homely phrase — 
that we shall demonstrate the strnctnre, which is 
very beautiful, Tliis is an operation requiring much 
delicacy and practice, and implements for the special 
purpose ; and hence it is beet performed by profes- 
sional pei-sons, who prepare microscopic objects for 
sale. You may see such a section, however, on this 
slide ; but I do not know whether the spine belongs to 
the species we are examining. 

The whole centi-al portion is foraied of tlie sponge- 
like calcareous matter, which, from the variously 
reflected and refi^acted rays of light, appeai-s neai-ly 
opaq^ue, and of a bluish colour by txanBmitted light. 
Tliis structure sends fortla radiating points (making 
longitudinal ridges, of course, in the perfect spine;) 
and it is the opacity of tlieso points (or ridges) which 
reach the circumference, that gives to the spine tlie 
appearance of being fluted. Indeed it would be fluted 
if tliis were tlie entire structure ; but the open space 
left between these projecting radii is filled with llie 
solid glassy matter, having, as we see, a convex sur- 
face. This, however, from its peil'ect transparency, 
is not seen when we look at the side of the spine, the 
eyo going down to the bottom of the intei'space. The 
spine is, in fact, a fluted column of spongy glass, with 
the gi-ooves filled with solid glass. 

"VVe have not yet seen, however, the beautiful 
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meclianism appropriated t t! e iiiovement of these 
spines. You can hardly see t! a 
to advantage in the living ani ' 
mal, but here is the entire shelly 
hox of a dead Echinus, on wl ic)i 
while for tlio most pai"t the s u 
face is denuded of spine a ft,w 
dozen remain sufficiently attacl e T 
to show what I wish to d non 
strate, viz., the mode of a t c la 
tion. Ton observe that the ivl ole 
globose shell is covered w tl t ny 
knobs, differing in size, inl i ot 
set in very regular, or at le \st not 
very obvious order, but sh vi g ^J " 
a tendency to run in linet, i \ pole to pole nt tl e 
globe. Giving attention to on of the luge of these 
knobs, under a lens it is seen to be a hen bileiical 
eminence on tlie shell, tie vei> summit f -wh ch s 
crowned by a tiny nipple of p 1 bl ed wh teness le 
aembling ivory. Now it ne cxref llj 1 tfc i e of the 
still remaining spines from its ittachment ■v h ch n its 
present dried state is so fragile that the si ghtest touch 
is sufficient for the pui-pose, we shall note that its base 
rests on this tiny nipple ; and on turning it np, and 
bringing the magnifying power to bear upon its base, 
we see that this is excavated with a hollow, whose di- 
mensions exactly correspond with those of the nipple. 
It is indeed a tme " bail and socket " joint, like that 
of the human hip or siionlder, and is surrounded by a 
capsular ligament to keep it in place, the muscles 
which sway the spine from side to side and cause it to 
rotate, being inserted outside the capsule. Professor 
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Edward Forbes calculates that upon a large Echinus, 
such as this dried specimen of E. sphwra, tliere are 
more tlian tour tliousand spines, every one of wliicli 
has tlie BtmctiirG, the meclianisra, and the movements 
that we have been examining. Well may he say, that 
" tridy the skill of tlie Great Architect of Nature is 
not less displayed in tlie conatrnction of a Sca-nrchin 
than in the building up of a world ! " 

To return now to our little E. mUiarts, which has 
been all this time conraing round and round his saucer, 
wondering, perchance, at the narrowness and shallow- 
ness of the White Sea in which he iinds himself. Again 
we peer, lens to eye, over the bristling etu-face, and dis- 
cern, shooting up amidst the spines, and almost as 
tliickly crowded as they, multitudes of tlie tiny organs 
which have caused so much doubt and discussion 
among naturalists. Miiller, the great marine zoologist 
of Denmark, who firet discovered them, thouglit them 
parasitic animals, living piraticaily upon the nnwilling 
Urchin, and accordingly gave them generic and specific 
names. Tlie term Pedicellaria, which lie assigned to 
his supposed genus, is that by which modern naturalists 
have agreed to call them still, though the word is not 
now used in a generic sense, since it is induhitalily 
established that they are not independent animals, but 
e^ential pai-ts of the TJrchin itself. Miiller described 
three distinct sorts, and I have added a fourth to the 
number ; they are named P. tri^hylla, it-idens, globi- 
fera, and ste^eophylla. They all agree in these particn- 
lare : — that each has a long, slender, cylindrical, 
ileshy stem, through the centre of which runs an axis 
or rod of calcareous substance ; that the base of the 
stem rests on the skin of the Urchin ; that on the sum- 
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mit is placed a Jiead consisting of three pieces, ivhicli 
are capable of being widely opened and of being closed 
together, at least at their tips ; that tlie edges of these 
pieces, wliich come into mutual contact, are furnished 
with teeth, which lock into each other; that the head- 
pieces (like tlie stem) consist of calcareous centres, 
clothed with ilesh ; that, besides the opening and sbut- 
tiug of tlie head, the stem can be swayed from side to 
side ; and that all these movements are spontaneous, 
and apparently voluntary. It appeai-s that the head- 
pieces close on any object presented to them, such as 
the point of a needle, and lioM with considerable force 
and tenacity, so that the Pedicellaria may be drawn 
ont of the water witliout relaxing its grasp. 

looking at one of the first-named kind, tlie Pedicel- 
laria t/nphylla, of tliis Echinus miliaris, we see that it 
consists of tliree broad and thick sub-triangiilar pieces, 
jointed into a head, set on a thickish stem of transpar- 
ent gelatinous fibrous substance, through whicli a slen- 
der core of calcareous matter runs that Jooks fibrous 
and blue. The three movable pieces or blades are con- 
vex externally, concave internally; thin in substance, 
fnrnislied along their opposing or concave sides with 
two longitudinal ridges or keels, each of which is cut 
into the most beautifully fine teeth, so tliat the edge of 
each ridge looks like a shark's tooth ; the_ edges of the 
pieces are also similarly toothed : tlieso shut precisely 
into each other. 

In the larger E. spJusra, the head-blades of this kind 
have one stout central ridge, which is rounded and 
not toothed. It forms the front of a great interior 
cavity, which opens by two orifices on each side of the 
column. 



Hooted by Google 



326 



AT THE MICK08C0PE. 



The movable pieces inclose a skeleton of calcareous 
substance, glassy, colourless, and brittle, in which, ac- 
cording to the plan I have already dcseribed, are ex- 
cavated a multitude of oval cavities which foi^n in'egu- 
lai' rows ; a central line runs down each piece, that is 
solid and free from cavities. This calcareous skeleton 
is encased in a gelatinous flesh, similar to and continu- 
ous with tliat of the stalk. 

This is the smallest kind, the head being about 
55th of an inch in height. 

Considerable modifications are found to exist in the 
details of each form, in the relative proportions which 
the parts bear to each other, and so 
forth; so that two forms, which in 
their extreme conditions widely dif- 
fer, mutually approach, and appear 
to run into each other. This is the 
3. with the present, and with the 
form which I will now show you. 

P. iridens is much larger than 
any of the other forms, the movable 
head being abonfc ^'^th of an inch in 
iength, and the whole organ about 
■Jth of an inch. This may be con- 
sidered as essentially P. triphylla, 
I modified by the blades being greatly 
drawn out in length, and at the same 
time rendered quite slender, so that 
they may be called pins ; they meet 
only at the points, where they often 
ss, the interspaces of tlio basal 
Tlie inner edges of these are notched 
a P. tri^hylla, of which those near the 




parts being open, 
with teeth i 
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tips are larger and cut into subordinate teeth of exqui- 
site minuteness. 

"We Iiave here an opportunity of seeing that the oval 
or sqnare markings, wliicli are thickly placed through- 
out the calcareous substance of the blades, are certainly 
cavities in it ; for in those examples in which the pins, 
which are very brittle, are broken, the edge of the frac- 
ture is not even, but jagged witli holes exactly corre- 
sponding with tlie marks in CLuestion ; so that the struc- 
ture is the same as that of the spines and of all the 
other solid parts of the Urchin, 

We wUl now examine some specimens of _P, tridens, 
treated -witli potash, which will enable U3 to see the cal- 
careous suppoi-t better. The head-blades expand at the 
base into three-aided prisms or pyramids, ea<;h of the 
two interior sides of whicli is indented witli a large 
cavity, leaving a projecting dividing ridge, armed with 
teeth somewhat remote from each other. The one ex- 
terior angle is toothed in a corresponding manner, but 
the opposite angle appears plain. The angle of one 
blade-base fits into the cavity of its neigiibour ; and, so 
far as I have observed, when the two edges thus over- 
lap, it is the tootlied one that is on tlie outside. Look- 
ing from the circumference towards the centre of the 
head, it is the left angle that is tootlied and external, 
the right being plain and sheathed. This observation, 
however, applies only to £J. mUiaris ; for, in the cor- 
responding organs of E. spAmra, both sides of the trig- 
onal base appear untoothed, except close to the bot- 
tom, where a deep notch indents each margin. 

Viewed from beneath, the head assumes an outline 
which is rondo-ti-iangukr ; bwt yet such that each side 
of the faiangle has a very obtuse projectang, angle in 
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the middle, where the blade-haaes meet each other. 
They fit accurately, and each haa a deep oblong cavity 
in its bottom, which does not, as I conceive, communi- 
cate with the interior. 

By selecting one of these heads, which has been 
divested of its fleshy parts by immersion in caustic 
potash,, and then well cleansed by soaldng in clean 
water, and placing it under a low power of the micro- 
scope — 100 diameters, for example — with a dark gi-ound, 
and the light of the lamp east strongly upon it by 
means of the Lieberkuhn, or the side-condenser, we 
shall have an object of most exquisite beauty. The 
material has all the transparency and sparkling bril- 
liance of flint-glass, while the elegantly-shaped pine, 
the perfect eymmetry of the prismatic bases, the arch 
which is lightly thrown across tiieir cavity, the minute 
teeth of the tips locking accurately into each other, 
and the oval cavities in the whole structure set in reg- 
ular rows, and reflecting the light from thousands of 
points, constitute a spectacle which cannot fail to elicit 
your admiration. 

P. glohifera is formed on the same model as P. 
triphyUa^ui is jnore globose, and each piece appears 
to have a deep cleft at the point, which does not ex- 
tend to the interior side, where a thick ridge rans 
down from the point to the base. At the summit of 
this ridge, in each of the three divisions, there is set 
a strong acute spine, directly honzontally inwai'ds, so 
that the three cross each other when the blades close, 
which they do energetically — a formidable apparatus 
of pi"ehension ! The stem is much more slender than 
in P. iri^hyUa, and the height of the head of one of 
average size is only j'^d of an inch. It is peculiar also 
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in being slender tlivougliont, and in liaving the knobljed 
ealeareoas staJk extending up to tlie head, which ap- 
pears to work on it. In each of the other sorts the 
stalk extends only through a part of the distance, above 
which the investing fleshy neck becomes wider and 
empty. 

Bat the internal stracture is not quite the same as 
in tlie others. Tlie main portion of tlie head is com- 
posed of gelatinous flesh ; the calcareous support being 
reduced to that ridge which runs up the interior side 
of the blade. This is somewhat bottle-sliaped, with a 
bulbous base, and a long slender neck, with two edges 
on the inner face, which are anned with honzontal 
hooked spines, some of which are double, and the whole 
terminates in a sort of ring, fonned by the last pair of 
spines, which unite into the aeitte honzontal point that 
I have already mentioned. Tlie skeleton is filled with 
oval cavities like tliat of the others. 

The fourth kind of PedioeUaria^ which I call P. 
stereophyUa, is quite distinct from either of the others. 
It is very minute, the head being only ^Jsth of an inch 
in height. The head is a prolate solid spheroid, cut 
into three segments, exactly as if an orange were di- 
vided by three pei'pendicular incisions meeting at the 
centre. Thus the blades meet accurately in every part 
when closed, but expand to a horizontal condition. 
These are almost entirely calcareous, being invested 
but thinly with tlie gelatinous flesh. They ai-e filled 
with the usual oval cavities, set in eub-parallel arched 

The head is set on a hollow gelatinous neck neaily 
as wide as itself, and thrown into numerous annular 
wrinkles ; its walls are comparatively thin, disclosing a 
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wide cavity apparently qtiite empty, as the bine cal- 
careous stem extends only lialf-way from the base to the 
head. At this point the neck contracts rather abruptly, 
and continues to the base, but jiist wide enough to in- 
vest the stem. 

This sort is confined, so far as I have scon, to the 
ovarian plates and their vicinity, where they are nu- 
merous. 

Thus these tiny organs, so totally unlike anything 
with whicli we may pai-allel them in other classes of 
animals, do not merely affoi'd us amusement, and de- 
light us by their elegance of shape and sparkling 
beauty", the i aiiety ind singularity of their forme, tlie 
elaborateness of then structure and the prefection of 
their mechanism, but excite our maiTcl as to' what can 
be the object v. hich they subserve in the economy of the 
creature — what pui-pose can be fulfilled by so many 
hundreds of organs so singular, and scattered over the 
whole surface of the shelly body. 

It is very difficult to answer this question. The 
only organs with which they can be compared are the 
singnlai- " birds' heads" in so many of the Polysoa, 
which we looked at some time ago. But, unfortu- 
nately, a like mystery enshrouds the use of those pro- 
cesses, and the only light that we have as yet upon 
either form is that of dim conjecture. It has been sup- 
posed that, in both eases, the function of the prehensile 
forceps is to seize minute animalcules or floating atoms 
of food, and pass them to the moutli : but the supposi- 
tion is involved in great difficulties ; as the organs, 
however fitted for prehension, seem peculiarly unsuitcd 
for transmitting objects ; besides that the gi'eat majority 
,of them are placed very remote from the mouth. I can 
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only i^pcat tlie conjeeture wMcb I have hazsirded in 
the tase of the Polyzoau " bu'ds' heads," viz., that the 
PedictUarim are intended to seize minute animals, and 
to hold them till they die and decompose, as baits to 
attract clouds of Infusoria, ■which, mnltipljing in the 
vicintiy at the Urchin, may afford it an abundant sup- 
ply of food 

Tliere is yet another series of organs which stretch 
out from evt!i-y part of the periphery of this living box ; 
scarcely less numerous than either the spines or Pedi- 
ceUoi-im, hut vaiy different from both. They are what 
I alluded to judt now as the feet, let us pay a mo- 
ment's attention to their appearance and action, before 
we examine theic stmctm'e. 

"We see, then, extending from various points of tlie 
shelly case of the Urchin, and reaching to twice or 
thrice the length of the longest spines, slender pellucid 
tubes, slightly tapering towards their free extremity, 
which then abruptly dilates into a hemispherical knob, 
witli a flat end. These very delicate organs are ex- 
tended or eonti'acted at the wUl of the animal, turned 
in every direction, waved hither and thither and evi- 
dently have the faculty of adhering veiy firmly by 
tlieir dilated tips to any object to which they are ap- 
plied. 

So much we can discern as we watch the creature 
disporting in this vessel of water ; hut we will now en- 
deavour to learn a little more about its structure and 
economy. Selecting for this purpose a sucker which is 
extended to gi-eat length, I snip it across with a pair of 
sharp scissors, as near the base as I can. Mark the re- 
sult. The terminal knob which was attached to the 
bottom of the saucer maintains its hold ; but the tube 



Hooted by Google 



/ 



/: 




333 EVENINGS AT THE MICKOSCOPE. 

has suddenly shrunk tip to a sixth part of its former 
length, exchanging at tlie same time its smooth elender- 
3 and translueency for 
corrugated semi-opa- 
city I push the knob 
ide witli a needle's 
lint and thus destroy 
i adhesion ; which done, 
take up the severed and 
rtiiiken sucker, and lay 
i„ in a little sea-water in 
tlie live-box. 
suoKEK OF unoniH. Under a power of 180 

dnmeteis wo see that the tnbe is composed of two 
seiies ot muBCular fibres, the ono set running lengtli- 
wit^e, the other transversely or annularly ; the former 
by their contraction diminishing the length of the tnbe, 
tlie latter diminishing its calibre. The muscniar walls 
ai'c covered with a transparent skin, studded with round 
orange-coloured spots, perhaps glandular, exactly simi- 
lar to tliose we saw on the ex- 
terior of the spines and Pedicel- 
laria. 

Now, to illusti-ate the action 
of these tubular feet, I must 
I havo recouree to the de- 
nuded shell of a preserved 
^'i^L^ri^^^/l JUahinus. Taking this globose 
^;^ys^y-^~^3nv| empty uox into yonr hand, hold 
it np against the light, looking 
pQKKa Of uniium. -jj ^j. ^^ large orifice, which 

was once occupied by the mouth ; — yon see that the 
whole shell is pierced with minute holes — pores, which 
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are arranged in ten longitudinal or meridional lines, as- 
Bociated so as to make five paire of lines. !Now, with a 
lens, scrutinize more minutely a portion of any one of 
these lines, and yoii discera that it is composed of a 
multitude of poree, which have a peculiar order of ar- 
rangement among themselves; that is to say, they form 
minor rows which cross, obliquely or diagonally, the 
course of the meridional line. These rows are them- 
selves double, the pores running in pairs, not however 
with mathematical symmetry. In this species, thei-e 
are three pairs of pores in each row, and so there are in 
the one which I have here alive, but in other of our 
native species tlie rows consist of iive pairs. 

These pores are intimately eomieeted with the tubu- 
lar feet, each of which springs from a portion of the 
shell that is perforated with a pair of porea ; so that 
the cavity of every tube communicates with the interior 
of the shelly box by two orifices. 

Ifow on the interior side of these two pores— that 
is, within the cavity of the shell — there is placed a 
little membranous, or rather muscular, bladder, filled 
with a fluid which is not materially diiferent from sea- 
water. There is a free communication between the 
bladder within and the tube without the shell, by means 
of the pair of pores tlirongh which the fluid passes. 
By means of the muscular fibres, which ai'e under the 
control of the Urchin's will, any portion of this double 
vessel can be contracted to a cei-tairt extent. Suppose 
it is the interior bladder ; the effect of the contraction 
of its walls is to diminish its capacity, and the con- 
tained fluid is forced through the pores into the tube 
without. The longitudinal fibres of this part being at 
the same moment relaxed, the tube is lengthened be- 
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cause of the injected water. SnppOBe, now, in turn, 
the fibres of the tube contract, while those of the blad- 
der relax ; tlie fluid is driven hack, the bladder dilates, 
and the tube shortens, until, if the animal so please, its 
swollen tip is brought close up to the pores. By me- 
chanism so beautiful and simple is the prolongation or 
abbreviation of these organs efi'ected. 

"We noticed, however, that the extremities of the 
tubes had an adhesive power, which factilty it is that 
constitutes them feet. Tliey are prehensile, and tlius 
they afford, as we obsei-ved in the living TJrcliiu, tiie 
means by which it takes hold of even a smooth and 
vertical surface, as the side of a glass tank, and drags 
up its body thereby. 

Flitting, now, the extremity of this cut-oif tube 
under graduated pressure, having first applied to it a 
drop of caustic potash, we see that it cames a beauti- 
ful glassy plate of extreme thinness, which lies free in 
the swollen cavity of the termination of the tube. This 
plate is circular' in forai, apparently notched at the 
mai'gin, and cut with four or five (for the number varies) 
incisione, which reach almost to the centre. The sub- 
stance is formed of the common cleai- brittle calcareous 
matter of the skeleton, hollowed into numberless cav- 
ities, according to the general plan. The centre is per- 
forated with a larger round orifice. The appearance of 
marginal notching is deceptive ; and indicates a struc- 
ture analogous to what we see in the spuie. The 
notched line indicates the extent of the spongy struc- 
ture ; but beyond tliis the plate extends into a perfectly 
circular smooth edge, but is constituted of a layer of 
calcareous substance so thin that there is no room for 
the ordinary cavities within it. 
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The round aperture in the centre plays an important 
part in tiie function of the organ. The foot adheres on 
the same principle as that by which cliildren take np 
lai'ge flat atones with a piece of 
■wetted leather, to the middle of 
which a string is attached. The 
hoy drops his sucker on the 
stone, and treads iirmly on it, to 
bring it into close contact with 
the surface ; then he pnUs at tlie 
sti-ing perpendicularly, by which 
the centi'al part of the leatlier is 
lifted a little way from the stone, 
leaving a vacuum there ; since the contact of the edges 
with tlie stone is so perfect that no air can find entrance 
between them, Now the pressure of tlie atmosphere 
upon the leatlier is so great that a considerable weight, 
perhaps half-a-dozen ponnds, may be lifted by die string 
before the union yields. 

Well, the very counterpart of this amusing opera- 
tion is repeated by the clever " Urchin" whose pei^ 
formances we are considering. The tube is his string ; 
the dilated end with the plate in it, his leather; liis 
muscular power acts like the other urchin's tread, to 
press the bottom of the suckei- against the sitrfaee of 
the rock. Then he pulls tlie string ; in otiier words, 
he drags inwai'ds the centre of the muscular bottom of 
the sucker, which is, as it were, sucked up into the cen- 
tral orifice of the plate. Thus a vacuum is formed 
beneath the middle of the sucker, on which the weight 
of the incumbent water and atmosphere united presses 
with a foi'ce far more than sufficient to resist the 
weight of bis body, when he drags upon it, and, as it 
were, warps himself -up to the adhering point. 
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Here is in my cabinet a specimen of a Sea-urchin 
of a less regular form : it is the Heait-Ureliin {Am,- 
phidotus cordaius). Essentially, its strncture agrees 
with that of the more globular forms, but it is lieart- 
shaped, and the two orifices, instead of being at oppo- 
site poles, are separated only by about one third of the 
circumference. It shows also singular impressed marks 
on its shell, as if made by a seal on a plastic sub- 
stance. 

But what I cbieily wish to direct your attention to 
are the spines. These differ much from the kindred 
organs in Eohintts, being far more numerous, very 
slender, curved, thickening towards the tip, and lying 
down upon the shell in the manner of hair, whence the 
species is sometimes called the Haiiy Sea-egg. The 
aiTay of spines has a glittering silky appeai'ance in this 
dried state. 

"We will now put a few of them under a low power 
of the microscope, using reflected light and a dark 
background. They thus present a very beautiful ap- 
pearance ; elegantly-formed curved clubs, made of a 
substance which seems to be between glass and ivory, 
having the whiteness of the latter and the glittering 
brilliance of the former. The entire surface appears to 
be exquisitely carved with excessively minute oval pits, 
arranged in close-set lines, with the most charming re- 
gularity. It is the light reflected from the polished 
bottoms of these pits that imparts to the surface its 
sparkling brilliancy. At the bottom of the spine there 
is a little depression, which fits a tiny nipple on a wart- 
like prominence of the shell, as we saw in Eohinus ; 
but a little way above this point there is a singular 
projection or shoulder of the calcareous substance, 
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■which i& set on at a very oblique angle with the axis 
of the spine, reminding one, as we look at the epine 
laterally, of the budding tines on the horn of a yonng 
deer. 

At first, perhaps, you are at a loss to Itnow what 
purpose tills shoulder can seiTO ; hat by turning to the 
shell and carefully observing the spines in their natural 
connexion with it, you will observe that the oblic[uity 
of its position accurately corresponds with the angle 
which the individual spines form with the surface of 
the shell from which they spring ; and that tlio shoulder 
has its plane exactly parallel with the lattej-, but raised 
a little way above it. Now the entire shell, during 
life, was clotlied with a living vascular flesh, having a 
thickness exactly corresponding to the distance of the 
shoulder from tlie shell... This shoulder, then, was an 
attachment for the muscular bands, whose office it 
was to move the spine to and fro ; the projection af- 
fording the muscles a much 'better purchase, or power, 
than they could have had if they had been inserted into 
tlie slender stem itself. 

The tubercles on the shell show a structui-e which 
corresponds with this. They are very minute ; but 
each of them is regnlai'ly formed, and is crowned with 
its little polished nipple, on which, as I have said, the 
spine works, as by a ball-and-socket joint. These are 
arranged with perfect regularity in qvMioxmx, and by 
close examination yoa will see that each is inclosed in a 
little ai'ea formed by a very low and narrow ridge of 
the shell, which makes a network. On the lateral por- 
tions of the under surface tlie meshes of this not are 
particularly conspicuous, and we see that they consti- 
tute shallow hexagonal cells, in the midst of which 
15 
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is seated the tubercle ; yet not in the exact centre 
either, but nearer the front than the back of the area 
hiclosed. 

Now this elevated ridge affords, doubtlesB, the in- 
eertion of the other end of the muscles that move the 
spine ; the ridge giving a better purchase than a flat 
surface, as the keel on the breastbone of birds is deep 
in proportion to the vigour of the muscles used for 
flight. And, surely, the apparently trivial fact that 
the space behind the tubercle is greater than that in 
front, is not without significance, since it implies a 
thicker muscle at that part, which accords with the cir- 
cumstance that such would be the insertion of the 
muscle-band whoso contraction produces the oiiiward 
stroke by which the sand is forced away from the 
bed. 

But what is the need of so much care being be- 
stowed upon the separate motion of these thousands of 
hair-like spines, that each individual one shoidd have a 
special structure with special muscles, for its individual 
movement ? The hairs of our head we cannot move 
individually : why should the Heart-Urchin move his ? 
Truly, these hairs are the feet with which he moves. 
The animal inhabits the sand at the bottom of the sea 
in our shallow bays, and bniTOws in it. By going 
cai-efully, with the lens at your eye, over the shell, you 
perceive that the spines, though all formed on a com- 
mon model, differ considerably in the detail of then- 
form, I have shown you what may be considered the 
average shape ; hut in some, especially the finer ones 
that clothe the sides, the club is slender and pointed ; 
in others, as in those behind the mouth, which are the 
t and coarsest of all, the club is dilated into a long 
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flat spoon ; while in the long, much-bowed spines which 
densely crowd npon the hack, the fonn is alinost uni- 
foTOily taper throughont and pointed, 

Tlie animal sinks into the sand mouth downwards. 
The broad spoons behind the mouth come first into 
requisition, and scoop away the sand, each acting in- 
dividually and throwing it outwards. Observe how 
beautifully they are aiTanged for this purpose I diverg- 
ing from the median line with the curve backwards and 
outwards. Similar is the arrangement of the slender 
side-spines ; their curve is still more backwards, the 
tips arching unifonnly outwards. They take, indeed, 
exactly the curve which the foro-paws of a mole pos 
sess — only in a retrograde direction, since the Urchin 
sinks backwards — which has been shown to be so effec- 
tive for the excavating of the soil and the throwing of 
it outwards. Finally, the long spines on the back are 
suited to reach the sand on each side, when the crea- 
ture has descended to its depth, and by their motions 
work it inward again, covering and concealing the in- 
dustrious and effective miner. 

Thus we have another instance added to the ten 
thousand times ten thousand, of the wondrous wis- 
dom of God displayed in the least and most obscure 
things. " All thy works shall praise thee, O Lord I " 
(Ps. cxlv. 10.) 

There is an order of animals which naturalists put 
in the same category as the Searurehins, but which an 
unacientiflo observer would regard as possessing little 
or no affinity with them. Some are like long, soft, and 
fleshy worms, and others, which come the nearest to 
the creatures we have been looking at, have still the 
lengthened form, which, however, so closely resembles 
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that of a warty angled cnciim'ber that the animals 1 
allude to are familiarly called Sea-cacumbers {Molo- 
ihwriadd). The marine zoologist frequently finds therti 
beneath stones at extreme low water, and larger 
forma — as big in every direction as a marketable en- 
cumber — are occasionally scraped from the bottom of 
the de«p sea by means of that tiseful instrument, the 
dredge. If you drop one of them into searwater you 
will presently see from one extremity an exquisite aiTay 
unfold like a beautifully cut flower of many petals, or, 
rather, a star of ramifying plumes. Soon it begins to 
climb the walls of your aquarium, and then you catch 
the first glimpse of its afiinity to the Urchins ; for tJie 
short warts which nm in longitudinal lines down the 
body, corresponding to the angles, gradually lengtlien 
themselves, and are soon perceived to be sneking-feet, 
analogous in structure and in function to those with 
which the Star-flsh and Sea-urchin creep along. 

But the relationship becomes more apparent still 
when we find that the Cucumber has a skeleton of cal- 
careous substance deposited on exactly the same plan 
as in the Urchin, viz., around insulated rounded cavi- 
ties. It is true you may cut open the animal and find 
nothing at all more solid than tlie somewhat tough and 
leathery skin ; hut a calcareous skeleton is thei'e not- 
withstanding, though in truth only a rudimentary one. 
If we were to cut off a considerable fragment of the skin, 
and spread it out to dry upon a plate of glass, and 
then cover it with Canada balsam, we shoiild find — as- 
sisted by the translucency which is communicated to 
the tissues by the balsam — that the skin is filled with 
scattered atoms of the calcareous structure, perfectly 
2 with that with which the solid frame-work of 
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the Ui'cliin is built up, but minute and isolated in the 
flesh instead of being imited, into ohe or more masses 
of deliiiite organic form. 

Bat the atoms I speak of are still more perfectly 
seen by dissolving tlie piece of skin in boiling poti^li, 
and washing tlie sediment twice or thrice in pure 
water; this may then be spread upon a glass slide, 
and covered with a plate of thin glass, wlien it forms 
an interesting and permanent object for study. I have 
here a slide which is the result of such treatment ; to 
tlie naked eye it appears sprinkled with the finest dust, 
but uQder magnifying power it ia seen to consist of 
numberless ealeai'eous bodies, of great beauty, and very 
free from extraneous matter. 

The elegance of the forms is remarkable, and also 
their uniformity ; for though there do occur here and 
there among them plates of no regular shape, perforated 
with large or small roundish orifices, yet the over- 
whelming majority are of one form, subject to slight 
modifications, in shape and size. 

Neglecting, then, the irregnlar pieces, we perceive 
that the normal form is an oval of open work, built up 
by the repetition of a single element. That element is ' 
a piece of clear glassy material, highly refractive, of 
the shape of a dumb-bell— two globes united by a 
thick, short column. The oval is constructed thus : — 
suppose two dumb-bells to be placed in contact, side 
by side, and soldered together, there would be of course 
an oval aperture between their columns. Tlien two 
others dumb-bells are united to these in a similar man- 
ner, but one on each side, so that the globes of each 
shall rest in the valley between the former globes now 
united. These then are soldered fast in like manner ; 
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and the result is that there are three oval apertures. 
Tlic next step is that Qn the top of the four united 
globes two other dumb-bells stand erect, and lean over 
towards each other till their upper globes come into 
contact, tlieir lower ones remaining remote ; these arc 
soldered to the mass and to each other, at the points of 
contact, leaving a fourth aperture. The same is re- 
peated at the opposite end by two other dumb-bells ; — 
and the structure is complete as you see it. In almost 
all cases the two united globes of these terminal ele- 
ments are fused into one 
globe, and in not a few- 
instances the appeai'ance 
as if these two dumb- 
' bells were but one, bent 
over in a semi-ch'culai" 
form ; but still a good 
many specimens occur in 
which the two dumb-bells 
can bo quite distinguished from each other. The cal- 
careous matter that soldci'S the elements together seems 
abundant, and has the appearance that would be pre- 
sented if they had been made of solid glass, and united 
by glass in a state of fusion ; the latter having appa- 
rently van together, so as to smooth and round angles 
and fill np chinks, even where, as is often the case, the 
globes themselves have only mutually approximated, 
and not come into actual contact. 

The average dimensions of these oval aggregations 
may be '004 inch in lengtli, and a little more than '002 
in width; but some specimens occur which are a little 
larger, and other's a little smaller than this ; while the 
irregular plates are eometimes three times the length. 
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Some of the more ■worm-like members of this class 
have,liowever,a skeleton composed of pieces imbedded 
in tlieir skin, of even more re- 
mai-kable shapes than these. 
One of these is the Chirodota 
violacea — a native of the south- 
era coasts of Europe. "We have ( 
indeed a Bi'itiali species of tbe 
same genus, a specimen of \ 
which is in my possession, but 
I have vainly examined tbo 
skin for any structure anal- 
ogous to this.* In the Medi- ""'""' '" 'J"'"""""' 
terranean species the skin, especially of the belly-sidc, 
is described as filled with plates exactly resembling 
broad and thin wheels of glass, supported by four, five, 
or six radiating spokes, and liaviiig the inner edge of 
the lioop cut into teeth of excessive delicacy. 

Another animal remarkable for its cuticiilav funii- 
ture is the genus Synwpla, ■which is very similai' in form, 
and closely allied to the CMrodota. It is very common 
in the Adriatic and Mediten-anean seas, but has not yet 
been talcen on the British coasts. I would counsel you, 
however, to have your eyes open if you liave the op- 
portunity of searching our coasts ; for, as Miillor found 
one species, the Synapta inhcBrens, on the shores of 
Denmark, it is not at all unlikely that we may possess 
either it or some other. Should it ever come into your 
hands, slit open the skin of the belly, wliere you will 

* The most careful and repeated scarcb baa not uvuled me to find in 
tbe Ekin the least trace of calcareous atoms ; but this mny possibly bo 
because I had unfartunatelj preserved my specimen in aeetaie of altimina 
and ihe ftcelac acid has perhapa dissolved the lime. 
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find, embedded, in little papillfe or warts, some higWy 
curious spioida or calcareous forms. Each- consists of 
an oblong plate, perforated with large holes in a regular 
manner, and having a projection ou its 
eurfaee near one exfremity, to which is 
jointed a second piece, having the most 
singularly true resemblance to an an- 
chor. The flukes of this anchor project 
"""iVs^iZ" '" from the skin, the shank standing oh- 
lic[uelj npwai'd from the plate, to which it is articulated 
by a dilatation, where the ring would be, which ia cut 
into teeth. 

Among the miiltitude of transparent creatures that 
swim in the open sea, few are more interesting than 
those which constitute the infant state of the very ani- 
mals that wo have lately been examining — the Sea,- 
iirchins and their allies. It is a productive way of ob- 
taining subjects for microscopic research, to go out in a 
boat on a quiet summer's day, especially in the after- 
noon, when the sun has been shining, or when evening 
is waning into night, and with a line muslin net 
stretched over a brass ring at the end of a pole, skim 
the surface of the smooth sea. At intervals you take 
in your net, and having a wide-mouthed glass jar 
ready, nearly filled with sea-water, invert the mushn 
in it, when your captives, email and great, float off 
into the I'eceiver. After a few such essays, unless you 
have veiy bad success indeed, yon will see even witli 
the naked eye, but ranch more with a lens, that the 
water in your jar ia teeming with microscopic life ; 
and though many of yonr captives will not long sm'- 
vive the loss of their freedom, still meanwhile you 
may secure many an interesting object, and examine it, 
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while yet tlie beauty and freahnesa of life remain. 
And moreover, witli care and prudence, some selected 
subjects may be maintained in vigour, at least long 
enongh to iftord you valuable information on tlie 
hibittj economy, metamorpliosis, and development of 
ammals, of ■whieb even tlie scientific world loiows next 
to nothing 

I ha^ e just been so fortunate as to obtain in this 
way the larval stage of one of our Sea-urchins, and 
have it now in the thin glass trough -which is on tlie 
stage of the microscope. It is just visible to the nn- 
assisted sight as a slowly moving point in the clear 
water, when the v^sel is held up to the light ; but 
with the low power which I am now using, it is dis- 
tinctly made out in all its parts, and is an object of sin- 
gular elegance and beauty. 

It is, as you see, somewhat of the figure of a hel- 
met ; the crest rising to a perpendicular point, which is 
rounded, the vizor or mask descending fai' down and 
ending in two points, and a long ear hanging down 
on each side, so as to reach the shoulders of the wearer. 
Of coiu-se such comparisons are fanciful, hut they ^sist 
one in intelligible description. 

!Now, the entire helmet is composed of a gelatinous 
flesh of the most perfect transparency, so that we can 
see with absolute eleameas everything that is within it. 
And the first thing that strikes us is, that a frame-work 
or skeleton of extreme delicacy, composed of glassy 
rods, supports the whole structure. Look carefully at 
this, and mark its symmetry and elegance. Tliere is, 
then, first, a rod which passes through the crest per- 
pendicularly, and carries at its lower extremity a hori- 
zontal ring. To fhe opposite sides of this ling are 
16* 
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soldered two other very slender' rods, passing down 
nearly in a pci'pendicniar direction, but a little diverg- 
ing ; and two other shorter rods pass down from the 
front of the ring, parallel to these. After a while each 
lateral pan- of rods is united by a short eross-piece, and 
the result is four lengtliened rods, two of which go 
do^vn through the vizor into the ehirf-points, and two 
larger and stouter ones through tlie ears into the 
shoulder-points. This, then, is the solid skeleton, the 
interest of which is much enhanced, when we observe 
that it is formed, on the common plan, out of per- 
forated lime-glass, the two ear-rods and the erest^rod 
being pierced with a regular series of oval holes, and 
bearing on theh edges coiTcsponding projecting points, 

Wow, to turn again to the gelatinous flesh. The 
inner surface of the vizor, or that which would be in 
contact with the-face of the wearer, supposing it to he 
a real helmet, has a great squarish orifice with a thick- 
ened margin, which we see by its inovements to be 
highly sensitive and conti'actUe. This square orifice is 
the mouth of the lai-va, and it leads into a cavity in the 
upper part of the vizor, which is the gullet ; and this 
in its turn terminates in a narrowed extremity, which 
passes into the orifice of a gi-eater and higher cavity, 
the lip of which embraces it just as the bung-hole of a 
barrel receives .^nd embraces the tube of a funnel. The 
latter eavity occupies the chief pai't of the volume of 
the helmet, the four rods diverging to inclose it. It is 
the stomach. 

It adds to the beauty of the little helmet-shaped 
creature, that while the greater portion of the substance 
is of the most colourless transparency, the summit of 
the crest and the tips of the shoulder-points are tinged 
with a lovely rose-red. The whole exterior surface is, 
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moreover, studded with those minute and glandular 
specks, witli wHch every part of the adult Urchin is 
covered ; and the light is reflected from the various 
prominences with sparkling brilliancy. 

The little creature moves through the water with 
much grace, and with a dignified deliheration ; the 
crest being always uppei-most, and the perpendicular 
position invariably maintained. It does not appear 
capable of resting, its movements depending on inces- 
santly vibrating eilia. These organs we perceiv^ 
densely clothing the long ear-pieces, but more espe- 
cially accumulated and more vigorous in a thickened, 
fleshy band, which passes partly round the whole hel- 
met, at the origin of these piec^. 

Tou do not discern the slightest resemblance of 
form between this little slowly-swimming dome and 
tlie spined and boxed Urchin which 
crawls over the rocks ; and you won- 
der by what steps the tiny atom of 
one-fortieth of an inch in length is led 
to its adult stage. Fortunately I can 
satisfy your curiosity on this point, 
not indeed from my own observations, 
but by those of Professor Johann 
Miiller, whose discoveries of the de- 
velopments of these and kindred ani- 
mals are among the most interesting, 
because the most startling, of the mar- 
vels which modern zoology has re- 
vealed to us. The whole process is 
full of surprising details, to which the 
change of the caterpillar to a chrysalis, 
and that of the chrysalis to a butterfly, ^ 
present no parallel, wonderful as those changes of form 
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appear and are. There we have tut modifications of 
outward form, produced by the succeaeive moults or 
castings of the external skin, and the gradual growth 
of the animal, which has from the first been present, 
though veiled. But the construction of the Sea- 
urchin is by no means a process of Bkin-casting. nor 
has it any recognised parallel in the whole economy of 
natural history. It is a development perfectly unique. 
I will endeavour to maKe you acquainted witli the 
results arrived at from the researches of the eminent 
German zoologist to whom we are indebted for almost 
all we know on the matter. 

Let me firet premise that this beautiful lielmet- 
shaped creature is not the future Urchin ; and, strange 
to say, that only a very small portion of the present 
structure, namely, the stomach and gullet, will enter 
into its composition. The helmet is a bind of tem- 
porary nurae, within, which the future Urchin is to be 
formed, and by which it is to be carried from place to 
place by its ciliary action, while the young animal is 
gradually acquiring the power of independent life, 
when the whole constitution of the nurse wastes away 
and Yanishea 1 

The first trace of the young Urchin is a filmy cir- 
cular plate, which is not symmetrical with the helmet, 
nor formed even on the same plane, hut appears ob- 
lifjueVy fixed on the exterior of the stomach, on one side, 
close to the arch of transparent flesh which stretches 
from one of the points of the vizor to one of the ear- 
points. Herr Miiller compares the larva (which is not 
helmet-shaped in every species) to a clock-case, of 
which the vizor, with its lianging gullet and mouth, 
form the pendulum, and then the newly-formed disk 
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represents the face of the clock, only it is put on the 
Bide instead of the front. Now this tiny disk gradually 
grows into the form and assumes all the organs of the 
Urchin, while the enveloping miree, fiesh, rods, and all, 
waste away to nothing. 

The disk, soon after its appearance, is seen to bear 
prominences on its surface, in which ia traced the figure 
of a cinque-foil, the elements being five warts set sym- 
metrically, Tliese lengthen and grow into suekera, es- 
sentially identical with those of the adult, but most 
disproportionately large. In the five triangular inter- 
spaces between these, little points and needles of solid 
calcareous glass begin to form, very much like the eiys- 
tals that shoot across a drying drop of a soluton of 
some salt ; these catch and unite, first into -f*, and 
then into J.^ -forms, and then, into ii-regulai- networks. 
Meanwhile, fli^hy cylindrical columns spring up from 
the surface, one in each of these interspaces, and pres- 
ently develop, within their substance, a similar frame- 
work of porous glass ; these soon inanifest themselves 
to be the spines, and each is seated on a little nucleus 
of network, on which it possesses the power of rotating. 

At the same time pedicellari^e begin to be formed ; 
and, what is specially marvellous, they are first seen, 
not on the dish, which alone is to be the future 
Urchin, but on the interior wall of the helmet, which 
is even now in process of being dissipated, and even 
on the opposite side to that which carries the disk. 
They commonly appear four in number, aiimnged in 
two pairs ; and one can see in them — they being, like 
the suckers, large out of aU proportion to the disk — 
the stem, and tbej three-leaved heads, which already 
exercise their characteristic snapping movements. 
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The disk is meanwhile enlarging its area ; and the 
spines and suckers, gradually iengthcniiig, at length 
pnsh themselves through the walls of the helmet; the 
hanging points and crest of which are fast diminishing 
by a kind of insensible absorption ; the ciliary move- 
ments become less vigoroiis, and the mouth closes up. 
But, correspondently, the Urchin is beginning to ac- 
fLuire its own independent 
I owoi of locomotion ; for the 
8U(,kei&, now ever sprawling 
> about, aio capable of adhering 
any foreign body witli 
which they come into contact, 
and ot dragging the whole 
stnictuie about, by their prop- 
ti conti actions. The cilia 
tliit co-\ er the thickened fring- 
ing bind still exercise their 
^^^X'eni'/^olsA poweio, and are the last to 

disappeai 

Wlien the disk his grown to such an extent as to 
Bpieid over about hall of the larval stomach, very- 
little remains of the helmet, except the middle portions 
of the glassy lods and the cih<iry bands ; all the rest 
of this exquisitd> modelled fl^mewo^k having van- 
ished by insensible degrees, no one knows how or 
where. The stomach and gullet indeed are gradually 
sucked into the ever-growing disk ; but all the rest, 
flesh and rods, fringes, bands, and cilia, waste away to 
nothing. 

Tlie montb of the larva has no connexion with the 
mouth of the Urchin. The little isolated patches of 
glassy network continue to spread through the flesh 
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of the disk, until the whole forms one Knifonii stnic- 
tui-Cj and. constitutes a series of plates. The moutli is 
that spot in the centre, over which the calcareoua 
frame is last extended ; and it is first distinguishable 
by the appearance of five glassy points, which soon 
develop themselves into the five converging jaws, 
which we see forming such a curious apparatus on tlie 
inferior side of the Sea-Urchin. 

Actual observation has not traced the infant animal 
beyond the stage of the development ; hut specimens 
have been taken by Professor Miiller swimming in 
the sea, in which scarcely a rudiment of tlie larva re- 
mained. They had the form of round flattened disks, 
which freely moved their spines and crawled about the 
sides of the vessel in which they wei'e kept, by means 
of their suckers, exactly in the manner of the adult 
Urchin. 

Thus " ends this strange, eventful history ; " and in 
reviewing it, one can scarcely avoid being impressed 
with a sense of the majesty of God in these His humble 
works. By what wonderful, what unexpected roads 
does He arrive at the completion of His designs I and 
if such things as these are only now bursting upon our 
knowledge, after six thousand years of man's famiHar 
contact with the inferior creatui-es, how many more 
wonders may yet remain to be unfolded, as science 
pursues her investigations into the Divine handiwork t 
And yet, how do this and all similar manifestations' of 
power and wisdom, sink into insignificance before the 
grand marvel, the wonder of wondere, the great mystery 
of godliness— tha.f; God was iianifest in the tlesh I 
"We are surprised and delighted when we see one crear 
ture change, as it were, into anothei-, but too often the 
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story of tliat greater wonder, that God should have 
become man, falls upon listlcsB ears and cold hearts :i 
and yet the fonner, which we scarcely weary of trac- 
ing, concerns only the well-being of a poor dull crea- 
tnre scarcely raised above the life of a plant, whereas 
the latter had for its object the lifting of creatnres 
from a state of min and wrath to immortal life and 
everlasting glory ; and the creatures &va— ourselves ! 
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CHAPTER XVII. 



JELLY-riBH: 



As this afternoon was delightfully calm and wann 
— the very model of an autumnal day — ^I took my 
muslin ring-net and walked down to the rocks at the 
margin of the quiet sea. Nor was I disappointed ; for 
the still water, scarcely disturhed by an undulation, 
and clear as crystal, was alive with those brilHant little 
glohes of animated jelly, the Oiliograde and Naked- 
eyed Medusa, apparently little more substantial than 
t!ie clear water itself, Multitudes of them were iloat- 
ing on the surface, and others were discerned hy the 
practised eye, at various depths, shooting hither and 
thither, now ascending, now descending, now hanging 
lightly on their oars, and now, as if to make up for 
sloth, darting along obliquely with quickly-repeated 
vigorous sti'okra, or rolling and revolving along, in the 
veiy wantonness of hiimble happiness. 

After gazing awhile with admiration at the undis- 
turbed jollity of the hosts, I made a dip with my net, 
the interior of which, on lifting it from the water, was 
lined with aparkiing balls of translucent jelly. They 
were far too numerous to allow me to ti'ansfer them all 
to captivity ; they would soon have choked up and 
destroyed one another ; I therefore selected the finest 
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and most interesting, sliaJdng an example or two of 
eacli kind into my glass jar of sea-water, where they 
immediately tegan to fi-olic and revel as if Btill in 
the enjoyment of unrestricted liberty. And here they 
ai'e. 

Among these bright and agile bemgs which are 
shooting then- wayward traverses across each other, 
and intei-twining their long thread-lilie tentacles, we 
will select one or two for examination, as samples of 
their kindred. And first let me isolate this active little 
BeroS [Oydippe pomiformis)., which I dip out with a 
tea-spoon and transfer to this other glass jar, tliat we 
may ivateh its fonn and movements nnafieeted by the 
presence of its companions. 

We seo, then, a little ball, almost perfectly globu- 
lar, except that a tiny wart marks one pole, of the size 
of a small mai'ble, and apparently tnmed out of pure 
glass, or ice, or jelly — according to yonr fancy — per- 
fect transparency and colourlessness being its charac- 
teristics, so much that it is not always easy to catch 
sight of the little creatui'e, except we allow the light to 
fall on the jar in a particular direction. From two 
opposite sides of the globe proceed two threads of 
great lengtli and extreme tenuity, which display the 
most lively and varied movements. 

These filaments shall occupy us for a few moments. 
ATc trace them to their origin, and find that they pro- 
ceed each from the interior of a lengthened chamber, 
on each of two opposite sides of the animal. Sudden- 
ly, on the slightest touch of some foreign object, one 
of the threads is contracted to a point and concealed 
within its chamber, but is presently dai-ted forth again. 
When the lovely globe chooses to remain still, the 
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threads hang downward, gradually lengthening more 
and more, till their extremities lie along the tottom of 
the jai', extended to a length of eix inches from the 
chamher. Then we see that this delicate thi-ead is not 
simple, hut is furnished along one side, througliont its 
length, at regular distances, with a row of secondaiy 
filaments, which project at i-ight angles from the main 
thread. 

These secondary filaments constitute an important 
element in the chann which invests this brilliant little 
creature. They are about fifty in iium.ber on each 
thread, and some of them are half an inch long, when 
fully extended, but it is seldom that we see them thus 
sti'aightened ; for they are ever assuming the most 
elegant spiral coils, which open and close, extend and 
conti"act, with an ever-changing vivacity. Tlie animal 
has a very perfect control over the threads, as well as 
over the secondary filaments in their individuality. 
One, or both, are frequently projected from tlieir 
chambers to their full extent by one impulse ; some- 
tunes the extension is arrested at any stage, and then 
proceeded with, or the thread is partially or entirely 
retracted. Sometimes the secondary filaments ai-e 
coiled up into minute balls scarcely perceptible, or only 
so as to give to the main thread the appearance of 
small beads remotely strung on a fine hair ; then a few 
uncoil and spread divergently ; contract again, and 
again unfold ; or many, or all, interchange these actions 
together, with beautiful regularity and rhythmical nni- 
formity, repeating the alternation for many times in 
rapid succession. 

The beauty and diversity of the forms assumed by 
these elegant organs beguile us to watch them with 
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uiiwearied interest, sind we wonder what is tlieii' fiinc- 
tion. ITor, with all our watching, this is by no means 
clear. They are certainly not organs of motion. At 
times it seems as if they were cables intended to moor 
the animal, while it floats at a given depth ; or we see 
them with their extremities spread upon the bottom, to 
which they appear to have a power of adhering, thus 
forming fixed points, from which the little globe rises 
and falls at pleasure, shortening or lengthening its 
delicate and novel cables, maintaining all the while its 
erect position. 

When the Oydippe swims, however, which it docs 
with great energy, the tlireads seem unemployed, 
streaming loosely behind, and evidently talcing no part 
in the progi'ession, though still adding beauty and 
grace to the tout ensemble. The organs by which the 
spi-ightly motions of the whole animal arc affected are 
of quite another character, and shall now engage our 
attention. 

You have doubtless observed, while gazing on the 
animal, a peculiar ghttering appearance along its sides, 
mingled in certain lights with brilliant rainbow-reflec- 
tions. Now let us take an opportunity, when it ap- 
proaches the side of the glass, to examine this appear- 
ance witli a lens. Tlie globe, you see, is mai'bed by 
longitudinal bands, eight in number, set at equal dis- 
tances, and ranging like meridians, except that they do 
not quite reach to either pole. These bands are the 
seats of the motile organs, which ai'e highly cm-ions, 
and in some sort peculiai'. 

Each band is of considerable width in the middle, 
but becomes narrower towai-ds the extremities. It car- 
ries a number— usually from twenty to thirty— of flat 
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thin membranous iiiis, set at regular distancea, one 
above tlie other, which may bo considei'ed as single 
horizontal i-ows of cilia, agglutinated together into flat 
plates. Each plate has a rapid movement up and down, 
from tlie line of its insertion into the band, as from a 
hinge, and thiis striking the water downwards, like a 
paddle. Tlie whole band may be likened to the pad- 
dle-wheel of a steamer, except that the paddles are set 
in a fixed line of ciirvatnre instead of a revolving circle. 




The effect, however, is exactly tlie same: that of pad- 
dling the beautiful little globe vigorously through the 
water. Tlie prismatic colours are produced by the play 
of ligiit on tlieir glittering surfaces, which are ever pre- 
sented to the eye of the beholder at changing angles. 

We rarely see these rows of paddle-fins wholly at 
rest, but occasionally one or two bands will be alone in a 
state of vibration ; or one or more will snspend their ac- 
tion while the rest are paddling. Sometimes in a band 
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that is at rest, a minute and momentaiy -wave will be 
seen to run rapidly along its length. All tlieso circum- 
stances show that the ciliary motion is peifectly under 
the control of the animal's "will, not only in the aggre- 
gate, but in every part. 

In an excellent memoir on this animal by Mr. E. 
Patterson of Belfast,* there are some interesting ob- 
servations on the power of its tissues to become tinged 
with extraneous colours, a fact which may be useful to 
you in your reseai'ches, as enabling you with more ease 
and precision to demonstrate the internal structure. 

" From the inconsiderable quantity of solid ma- 
terial," remarks tliis observer, "which enters into the 
body of the Beroes, and the rapid circulation of water, 
which is apparent throughout their frame, we would 
naturally suppose that any tinge which the body might 
accidentally acquire would be extremely fugitive. It 
was found, however, to be much less so than djyriori 
would have been expected. My attention was drawn 
to this peculiarity by the circumstance of all my glass 
vessels being one evening occupied by Beroes and 
Crasacea, so as to compel me to place a small Medusa 
in a tin vessel, which chanced to be rusted at the seams. 
Next morning the colourless appearance of the animal 
was changed into a bright yellow, which appeared to 
pervade every part, and doubtless arose from the oxide 
of iron, diffused through the sea-water. This tint re- 
mained during the entire day, although the animal was 
ti'ansferrcd to pure sea-water. Wishing to tiy if the 
vessels of the Bei-oe would become distinct, if filled 
with some coloured fluid from which the animal could 
suddenly be withdrawn, and viewed through the usual 
• Trans, Eoy, Irish Academy, toI. sis. pt. 1. 
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transparent medium of eea water, I placed a IJeroe in a 
■weak infusion of saffron. At the end of twenty minutes 
its colour had undergone a perceptible change. I 
allowed it, however, to remain immersed for about six 
or seven hours, when it had assumed a bright yellow 
hue. It was tlien placed in pure sea-water, but retained 
its yellow colour for twenty-four hours afterwards ; and 
though it gradually became fainter, it •^•as veiy percep- 
tible even afc the expiration of forty-eight hours." 

I am sure you will pai'don my interrupting your 
microscopic gazings for a moment by quoting the fol- 
lowing charming lines by the Eev. Dr. Drummond, 
which were elicited by his having watched with pleasui'e 
the elegant form and motions of tliis little creature. 

" Koiv o'er tlie istern the fine-meshed net-bag fiirg, 
And from the deep the little Boroe bring : 
Beneath the sun-lit wave she swims concealed 
Ey her own brightness; — only now revealed 
To sage's eye, tliat gazes with deHght 
On things invisible to vulgar sight. 
When first extracted from her native brine, 
Behold a, GmBll round masa of gelatine, 
Or frozen dew-drop, void of life or limb : 
But round the crystal goblet let her swim 
'Hidst ber own element — and lo t a spbere 
Banded from pole to pole — a diamond clear, 
Shaped as bard's fancy shapes the small balloon 
To bear some sylpU or fay beyond the moon. 
From all her bands see lucid fringes play. 
That glance and sparkle in the solar ray 
With iridescent hues. Now round imd round 
She wbeela and twirls — now mounts — then sinlie profound. 
Now see her, like the belted star of Jove, 
Spin on her axis smooth— aa if she strove 
To win applause — a thing of conscious sense, 
Quivering and thrilling with delight intense. 
Long silvery cords she treasures in her sides, 
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By which, uncoiled at times, she moors iind rides ; 
Ftom these, as book-haira on a fisher's line. 
See feathery fibrils bang, in graceful twine, 
Grnceful as tendrils of the mantling rine, 
These, swift us angler, by the fishy Ial;e, 
Projects iiis fiy, Uie keen-eyed trout to taiie, 
She shoots with rapid jerk to seize her food, 
The small green creatures of crustaceoua brood ; 
8oon doomed herself a ruthless foe to lind, 
Wben in th! Actinia's anns she lies entivin'd. 
Here prison'd by the vase's crystal bounfl, 
Impassable as Sty::'s nine-fold round, 
Quiclt she projects, as i^uick retrscts a^ain, 
Her fieiile toils, and tries her arts in vain : 
Till languid grown, her fine machinery worn 
By rapid friction, and her fringes torn, 
Ilep full round orb wanes lank, and swift decay 
Pervades her tVame till ail dissolves away. 
So wanes tlie dew, conglobed on rose's bud, 
So melts the ice-drop in the tepid flood : 
Thus too shall many a shiniug orb on Mgb 
That studs the broad pavilion of the sky. 
Suns and their systems fade, dissolve, and die." 

While we have been admiring our lovely little 
Oydvppe, and comparing notes with other observers and 
admirers, other species as small, as transparent, as 
sprightly, and scarcely less elegant, have been impa- 
tiently waiting for their share of admiration ; shooting 
to and fro, tossing their little bells of ductile glass about, 
and alternately lengthening and snatclnng-in their sen- 
sitive tentacles, in astonishment at onr stoical indiffer- 
ence to their charms, and saying, suo tiwre, with the 
little urchin whose feelings were hurt by the neglect of 
his papa's visitor — " Ton don't notice how beautiful I 
be?" 

A thousand pai'dons, sweet little Sarsia, ! We will 
now give yott our undivided. attention ; and for this 
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end we must take tlio liberty of catcliiog you and of 
ti'ansfeiTing your translucency to isolated grandeur in 
tills other glass. Ha ! but you don't want to be caught, 
ch ? And so you pump and shoot round and round the 
jar as the spoon approaeliea I Truly yon are a supple 
little eubjecfc, difBcntt to catch as a flea,' and difficult to 
hold (in a spoon) as an eel. But iiere yon are at hist, 
lying as motionless and as helpless in the silver as a 
hait'-inelted atom of calfs-foot jelly, to which, indeed, 
you possess no small resemblance. 

Look at the pretty little Medusa in liis new abode, 
at once I'ecovering all hie jelly-hood as he feels the 
water laving him, and dashing about his new domain 
with a vigour which makes up for lost time. 

It is a tall bcU of glass, a little contracted at the 
mouth— its outline forming an ellipse, from which 
about a tliird has been cut off. The margin of this 
bell carries four tiny knobs, set at equal distances, and 
thus quartering the periphery ; and these are the more 
conspicuous because each one is marked witli a bi'ight 
orange-coloured speck. Physiologists are pretty well 
agreed to consider such speeks as these, on the margins 
of the smaller Medusw, as eyes, — rudimentary organs 
of vision, capable, probably, of appreciating the 
presence and the stimulus of light, without the power 
of forming any visual image of external objects. Yon 
will not gain much information about their function 
from microscopic examination ; for ail you can discern 
is an aggregation of coloured specks (pigraent-granuleB) 
in the midst of the common jelly. 

The knobs, however, ai'e connected with other 
oi-gans ; for from each of them depends a highly sensi- 
tive and veiy contractile tentacle. Sometimes one, or 
16 
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more, or all, of these organs hang down in the water 
motionless, lengthening more and more, especially 
when the hell is etill, until they reach a length some 
twelve or fifteen times that of the beli, or ■urnbrella. 
Then suddenly one will be contracted, and, as it were, 
ehrivelled, to mere fragments of a quarter of an inch 
long ; then lengthened again to an inch or two ; then 
shortened again. Now iJie little hell resumes its ener- 
getic pnmping, and shoots roiind and round in an 
obllqne direction, the Bnmmit always going foremost, 
and the tentacles streaming behind in long ti-ailing 
lines. Now it is again arrested ; the bell turns over 
on one side and remains motionless, and tlie tentacles, 
as " fine as silkworms' threads," float loosely in tlie 
water, become mutnallj' inter-tangled, instantly free 
themselves, pucker and shrivel up, slowly lengthen', 
and hang motionless again, or, as the bell allows itself 
to sink slowly, aro thrown into the most elegant cui-ves 
and arches. 

Though these tentacles look at first like simple 
threads of extreme tenuity, yet when viewed closely 
tliey are seen to be composed of a succession of mimite 
knobs separated by intervals — like white beads strung 
on a tliread ; the beads being more remote from each 
other in proportion as the tentacle is lengthened. 

This structure is woi-thy of a more minute inves- 
tigation. We will, therefore, confine our little Sarda 
in this narrow glass trough, which is sufiiciently deep 
to allow its whole form to be immereed, thougli some- 
what flattened; which is an advantage, as its move- 
ments are thereby impeded. Now, with a power of 
30.0 diametere yon see that each of tlie knobs of the 
tentacle is a tliickening or swelling of the common 
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gelaUnous flcsb, in wliich are imbedded a score or two 
of tiny oval vesicles, without any very obvions ar- 
rangement; but for the most part so placed that the 
more pointed end of eacb is directed toward the cir- 
cumference of the thickening. The infei'mediate slen- 
der portiona of the tentacle — the thread on ■which the 
beads are strung — is quite d£8titute of tliese vesiclee. 

These little bodies are called enidce, and, in the 
wbole of this class of auimals, and also in that of Zoo- 
phytes, they play an important part in the economy of 
the creature. I shall probably take occasion to exliibit 
them to you under conditions more favourable than are 
presented here, viz. in the Sea-Anemones, where they 
attain far greater dimensions ; and tlierefore I will 
merely say here that each one of these tiny vesicles 
carries a barbed and poisoned arrow, which can be 
shot forth at tlie pleasure of the animal «'ith great 
force, and to an amazing length — that hundreds are 
usually shot together — and that this is the provisiou 
■which the All-wise God has given to these apparently 
helpless animals for securing and subduing their prey. 

There is, Ijowever, another organ still more conspic- 
uous in our little Sarsia, of which I have not yet 
Bpoken. As the whole animal has the most absolute 
transparency, we see that the roof of the bell is much 
thicker than tlie sides, and that it gradually tliins oif to 
the edge. The interior suifaoe is called the sub-um- 
brella, and it carries within its substance four slender 
tubes, which, radiating from the centre of the roof, 
proceed to the margin, where thej communicate with 
another similar canal which runs round the circumfer- 
ence, sending off branches into the tentacles, This is the 
circulatory system ; and you may see, with the magni- 
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fyiiig power which yon arc at present using, that a 
clear fluid is moving rapidly within all tliese canals, 
carrying minute granules ; not with an even forward 
cnri-ent, hut witli an ii-regular jerking vacillating move- 
ment, as if several conflicting eddies were in the stream. 
Yet WQ discern that, on the whole, tlio granules 
are. moved forwai-d; passing 
from the centre of radiation 
towards the margin, when we 
sec them slip into the marginal 
canal from the several mouths 
of the radiating canals. 

This is a very simple and rudi- 
mentaT-y hlood-system, Tliero 
is iiere no heart with its pulsa- 
tions, no proper arteries or veins, 
no lungs for oxygenation; hut 
the products of digestion are 
themselves thus circulated 
through the system. And this 
brings mc hack to the central 
point, whenpe yon see depend- 
ing the curious organ I spoke 
of. A long cylinder of highly 
moveable and evidently sensi- 
tive flesh hangs down from the 
]niddle of tlie roof exactly like 
^'■''°"' the clapper of a bell ; and, as 

if to add to the resemblance, this same clapper is sus- 
pended by a narrow cord, and is terminated by a knob. 
Sometimes this whole oi-gan is allowed to hang 
about as low as the edge of the bell ; then it gradually 
lengthens to twice, thrice, nay to five times that 
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length ; the tongue lolling out of the month to a most 
uncouth distance, and even the suspending cord (as I 
presume to term the attenuated baeal portion) reaching 
far beyond the margin ; then, on a sudden, like the 
tentacles, the tongue ia contracted, thrown into 
wrinkles, curled into curves, and the whole is sheltered 
ivitliiu the concavity ; presently, however, to loll out 
again 

Tl s p oh sc s like oi'gan ia called the peduncle, 
and ts oftic s tl it of a stomach, of which the knob 
at til e 1 b tl e ontii, having a terminal oriiice with 
four 1 lite 1[=! The flexible substance and rapid 
moti 9 ot tl 9 J eduncle are suited to enable it to seize 
small pass ng an lals that constitute its \yrGy; and I 
have seen the &i sia in confinement seize with the 
mouth, and swallow, a newly-hatched tish, notwith- 
standing the activity of the latter. For hours aftei-- 
wards, the little gi-een-eyed fry was visible, tlie engulf- 
ment being a very slow process ; but the Medusa never 
let go its hold ; and gi-adnally the tiny fish was sucked 
into tlie interior, and passed up the cavity of the pe- 
duncle, becoming more and more clotidy and indistinct 
as digestion in the stomach dissolved its tissues. 

The greater portion of the food is by-and-by dis- 
charged from tlie mouth, tlie fluids which have been 
extracted from it being on tlie other hand carried up 
through the base of the peduncle, and distributed 
along the four radiating vessels, conveying imtrition, 
supply of waste, and gi'owth to all parts of the 
system. 

We may now liberate our little Sarsia, witli thanks 
for tJie gratification be has aflbrded ns, to resnme his 
active play among Iiis many companions. Meanwhile 
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we will look for one of another kind among the 
group. 

IIei'6 is a pi'etty and interesting species. Active 
it is, but less yigorously rapid in its movements, than 
eitlier the Bero'i or the Sarsia. It is, as you see, 
something less than a hemisphere, or resembling a 
watch-glass iti shape, about three-fourths of an inch in 
diameter. In general character it resembles the Sarsia, 
but the peduncle is small, never reaching to the level 
of the margin, and its month is terminated by four 
expanding fleshy lips, which are extremely flexible 
and vereatile. 

The four radiating vessels here cany, just before 
tliey merge into the mm^ginal canal, a dilatation of 
the common flesh, which, as you see, bulges out the 
surface of the umbrella. We will examine one of these 
dilatations with the microscope. 

It is, as you perceive, occupied by a number of 
clear globes, each of which has another minute globose 
body in its interior. They are very diverse in size, 
some being very small, othere comparatively large, 
and it is to the dimensions of tliese latter that the 
swelling of the surface of the nmbrella is due. These 
vesicles are the eggs of the animal considerably ad- 
vanced towards maturity ; and the dilatations around 
the radiating vessels are the ovaries. 

The margin, however, presents us with the most 
obvious, and perhaps the most interesting, points of 
diversity from the little Sarsia. In the little beauty 
before us — whose name, by the way, Thanmantias j?i- 
losella, I have not yet told you — the outline is fringed 
with about fifty short and slender tentacles, each of 
which springs from a fleshy bulb, in which is set a speck 
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of deep pnrplo. These collections of coloured granules, 
whicli I have already explained to he rudimeiitaiy eyes, 
have averycharmin^ effect, and give a 
beautiful appearance to the little crea- 
ture, as if its transhicent crystalline 
head ■were encircled with a coronet 




Yoa shall see tliem, however, un- 
der circumstances which will make THAc«iKTiAs. 
them appear more lustrously gerameous still. Come 
with me, and I will cany the glass containing oar little 
Thawmantias into the nest room. Ton need not bring 
the candle, or what I am going to show you will bo 
qiiite invisible. 

Take hold of this pencil, and Iiaving felt for the 
glass, disturb the water with it. Ha! what a circle 
of tiny lamps flashes out ! You strucJi: tlio body of the 
Thaumantias with tlie pencil, and instantly, under 
the stimnluR of alarm, every purple eye became a 
phosphoric flame. Touch it again ; again tiie crown 
of light flashes out, but less brilliantly ; and each tiny 
lamp after sparkling ti'emnlouflly for a moment, wanes, 
and tlie whole gradually, but quickly, go out, and all 
is dark again. 

But it is tired of lighting up for nothing — or its 
gas is exhausted — or it is become used to the pencil 
and is not alanned — or, at all events, you may knock 
it, and push it, but it refuses to shine any more. Back 
with it then to the microscope, and let ns see if it pos- 
sesses any other points of interest for ns there. 

Yes: we have not exhausted tlie organs of tlie 
margin yet. Between the tentacles which spring 
from bulbs there are a good many more, far more 
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minute, without any Tjulbs; — from fonr to seven be- 
tween every two of the primary ones. We won't 
mind these, but bringing tlie margin itself into fooue, 
and moving it along the stage hor'izontally, we pres- 
ently see one and another singular organs. They are 
eight in all, tw-o being placed, but in-egularly, in each 
of tlie four qnadratnres of the circle formed by tlie ra- 
diating canals. 

There are auditoiy vesicles, or organs of hearing, 
very closely similar to those whicli we see imbedded 
in the bosom of tlie Snail and other MoUusea. Here 
they are comparatively large, and unusually well 




furnished. Each is a semi-oval enlargement of the 
ilesh of the margin, in close connexion with the walls 
of the marginal canal, hollowed so as to inclose a 
capacious cavity, in which aro placed a considerable 
number — from thii-ty to fifty in this individnal— of 
otolithes, or spheres of solid, transparent, highly re- 
fractive substance. They are an-anged in a double line, 
forming a crescent, and those wliieh are nearest tlie 
centre are longer than those towards t!ie extremities 
of tlie line, I believe some observers have seen oscii- 
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latoiy and rotatory movements among these eplieniles, 
as in the Mollusca ■ but I have invariably found them 
motionless in all the species of Medusa tliat I have 
examined, as yon see them licre. 

One more little beauty from our stock, and we have 
done with these. There is one that moves among the 
rest like a bead of coral, the smallest of all, yet the 
most brilliant. Here is another, and here another of 
the same sort ; which has been named by Professor 
Edward Forbes, Twrris neglccta^ becanse naturalists 
before him had neglected to notice it, just as we have 
been doing, engrossed by its larger corvfrhres. 

Beautiful as is this little gem, it is not so large as 
a dried pea, scarcely lai-ger than a grain of hemp-seed. 
It is described as " mitre shaped ; " in other words it 
is a tall bell, with the mai-gin slightly bent inwards, 
and the sides a little constricted. The nmbrella is 
thick, and being very muscular is not so translucent 
as those we have been examining ; hence it has a 
pellucid white appearance. But through this shines 
its chief beauty ; the peduncle is veiy large, and glo- 
bose at the upper or basal part, which is usually, as 
here, of a pale scarlet or rich orange hue. 

Imbedded in tliis orange-coloured flesh are seen 
many points of a lovely rose-purple, which two colours 
blending together, and softened by their transmission 
though the sub-pellucid umbrella, have a peculiar 
brilliancy. But stay 1 here I have one more advanced 
in age, which will exhibit some peculiarities of in- 
terest in the economy of these frail but charming crea- 
tures. 

In this specimen, which is somewhat larger than 
the former, the margin of the umbrella is a little 
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tiirned back, displaying more dearly tlie peduncle 
with lis brilliant ovaries. These, too, are more turgid, 
and tlie rosy points ai'e seen projecting from their 
intenor, and some of them even ready to fall. And 
look ! here on the bottom of the glass are lying half-a- 
dozen or more of similar pmijlo points, whose rich 
hue I'eiidere them plainly discernible, after a slight 
searching, to the unassisted eye. I will collect one 
or two with a capillaiy tube of glass, and submit them 
to your examination under the microscope. 

You now discern tliat these bodies are perfectly 
oval in form. One might, indeed, call them eggs, 
for tliey perform the part of such organisms ; but that 
these have soft walls, covered on their whole extei-nal 
surface with fine vibratile cilia, by the action of which 
they are endowed with the power of free locomotion. 
We see them, in fact, gliding about the water of the 
]ive-box under view, with an even and somewhat 
rapid motion, which appears to be guided by a veri- 
table will. Under this power they are seen to bo of a 
soft rich lake-crimson hue, all over. 

These little geinmules bave a somewhat romantic 
history of their own. I am afraid that these we see 
are too recent to afford us any help in tracing it, and 
therefore I must be satisfied with telling you what I 
have obseiTed of it on former occasions. 

After the beautiful little Coral Jelly has swum 
about a few days, the umbrella begins to turn outward 
and backward, and to contract more and more* nndl 
at length, it lies in shrivelled folds ai'ound the top, 
leaving the whole peduncle exposed. Long before 
this, it has lost its power of swimming, and lies help- 
less on its side upon, the bottom. Meanwhile the 
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orange ovaries liavo swollen; the purple gcmmnlos 
have become developed, and havo gradually worked 
their way through the ovaries, and fallen one hy one 
upon the bottom. There then they glide about for a 
little time, perhaps for a day or bo, by means of fheir 
vibrating cilia. 

At length each little gemmule loses its power of 
wandering, its motion becomes feebler, and more in- 
termitted, and finally ceases altogether. Tiie little 
being now rests on some solid body — a stone or a 
shell — to which it firmly adheres. Its two extremities 
grow out, adhering as they extend, and sometimes 
branching, but still in close and entire contact with 
tlie support. At lengtli, after a day or two, from some 
point of the upper surface of this creeping root, a 
kind of wart buds forth, and soon grows into an erect 
slender stem, which presently divides into four straight, 
slender, slightly divergent tentacles, which grow 
straight upward to a considerable length. The wliolo 
strneture retains the rich pni-plo hue of the original 
gemmule. 

Beyond this point I have not pursued the histoiy 
of the little TwrHs from persona! observation; nor am 
I aware tliafc any naturalist besides lias stitdied the 
development of tliis particular genus. But the history 
of other genera is known ; and as tiie phenomena they 
exhibit are quite parallel to those which I liave been 
describing, so far as these have been traced, we may 
fairly conclude tliat there is the same parallelism in 
tlie subsequent stages. 

Assuming tliis, then, the little crimson stem with 
four rays — a veritable polype — buds forth four more 
tentacles in the interepaces, making the total number 
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eight ; tliese in like maimer increase progi'easivcly to 
sixteen, tliirty-two, and sixty-fonr. It now possesses a 
close resemblance to the Hydra of onr ditches, only 
having more tentacles; and, like it, the Mednsa-larva 
biida forth from its sides young Hydra-like polypes, 
■which take the fonn of iheir immediate parent, fall 
off, attach themselves, bud forth more, and so on. All 
these catch living prey witli tiieir tentacles, swallow 
them with their months, and digest them with their 
stomachs, exactly like real polypes, and thus produce 
generation after generation of similar beings; 

Tears may pass in this stage, during which num- 
berless polypes are formed. At length the original 
stock, or any one of its descendants, takes on an im- 
portant change. Its body lengtliens, and becomes cut 
as it wore into a number of rings, as if tied tightly 
romid with thread, or like the body of an Annelid. 




Tliese segments become itiereiisingly disEinct, until at 
length each is seen to be a shallow cup, notched at its 
margin, and sitting in the concavity of the one next 
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below it. This strnctiire is developed Urst in those at 
tlie free extremity of the polype, and progi'esBively 
downwards; and the terminal cups are nearly free, 
rocking in their successors with every wave, while 
the lowest segments are scarcely visible as such. 

At length the extreme cup rocks and oscillates 
until the slender thread of connexion is snapped, and 
it is free. It at once turns itself over, so as to present 
its concavity downwards, and eonti-acting its margin 
with the well-known pulmonic spasm, shoots away 
witl^ the movement as well as the form of a vei'itable 
Medusa. The little progeny has, at length, after 
passing through so many changes, returned to the 
image of its parent. 

Such are, in brief, the phenomena of one of the 
most remarkable series of facts that modem zoology 
has discovered, and which have been propounded 
under the title of the Law of Alternation of Genera- 
tions. 
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It is pleasant to go down to the shore on a bviglit 
autumnal morning at low water, when the tide has 
receded far, exposing great areas of wet sand and 
■wildernesses of rugged rocka draped witli black and 
red weed. It is pleasant to make our way on cautious 
foot round some frowning point whose base is usually 
beaten by the billows ; to travel among the slippery 
boulders, now leaping from one to another, now wind- 
ing between them, now creeping under their beetling 
roofs: to penetrate where we have never ventured 
before, and to explore with a feeling of undefined awe 
the wild solitudes where the hollow sea growls, and 
the grey gull wails. It is pleasant to get under the 
shadow of the tall cliffs of limestone, to creep into low 
arching caves, and there to stoop and peer into the 
dark pools, winch lie filled to the brim with water as 
clear as crystal, and as unruffled as a well, Wliat 
microcosms are these rugged basins ! How full of life 
all unsuspected by the rude stone-cutter that daily 
trudges by them to and from his work in the marble 
qnaiTy of the cliff above ! What arts, and wiles, and 
stratagems are being practised there 1 what struggles 
for mastery, for food, for lifel what pursuits and 
flights! what pleasant gambols 1 what conjugal and 
parental affections ! what varied enjoyments 1 what 
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iDirtlis ! wliat deaths ! are every hour going on in these 
unruffled wells, beneath tlie bi'own shadow of tlie um- 
brageous oai-weed, or over the waving slopes of the 
bright green Ulva, or among the featliery bi'anchea 
of the mmson Ceramium ! 

I have just been examining some of these roclt- 
wells, and have rifled them of not a few of their living 
treasures, bringing home the opwia spolia^ that you 
may share with me in the enjoyment of examining 
them. 

The Zoophytes are here in their glory. Such places 
as those I speak of are the very metropolis of the 
zoophytic nation. Look at this great leaf of tlie fin- 
gered Tangle : see how its broad olive-broivn expanse 
is covered with tiny forests of white branching threads, 
which spread and spread till they run off into the fin- 
gers of the much split leaf; and not only on one side, 
for the under surface is as densely clad with tlie shaggy 
burden as the upper; the smooth leatheiy tissue being 
covered with a network of creeping roots, branching 
and anastomosing everywhere, like the railways on 
Bradshaw's map. 

This double forest is wholly composed of a single 
species, called Jjaomedea geniculata; nay, I believe it 
is but one single individual. That is to say, the whole 
of these multitudinous ramified threads and etems, with 
their innumerable polypes, have ail extended by 
gi-adual though rapid growth from a single germ, and 
all are connected even now, so that a common life per- 
vades the whole. But wo will look awhile at it in detail 
till we have mastered its external features, and then 
1 will tell you something of its history and economy. 
• Biofi spoils. 
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With tlic unassisted eye ■we cau discern plainly 
enough the outline and plan of this compound oi'gan- 
ism. Along the smooth and lubricous suiface of the 
olive weed runs a fine tliread of a pellucid white ap- 
pearance, so iirmly adherent that if you attempt to 
remove it with a needle's point, you find that you only 
tear either tlie leaf or the thread. The course ie gen- 
erally in a straight line; but does not ordinarily pursue 
the same direction far, commonly turning off with an 
abrupt angle at intervals of about an inch, and thus 
meandering in a zig-zag fashion, very irregularly, 
bi-aiiching frequently, and uniting with a thread already 
formed, when tlie creeping one has to cross it. 

Thus the basal network is formed ; but meanwhile, 
from every angle, and often from intermediate points, 
a free erect thread has shot up — like the stem of a tiny 
plant— to tlie height of an inch, rarely more ; not, how- 
evei-, straight, but with frequent zig-zag angles, whence 
the name genioulata, or " kneed." At every angle a 
slender branch is sent forth, pursuing the same direc- 
tion as that of tlie joint from the summit of which it 
issued, and terminating in a tiny knob. In the angles 
of some of these brauchlets are seated oblong vesicles, 
twice or tlirice as large as the terminal knobs. And 
this is pretty well all tiiat we can mahe out with the 
nalied eye. 

Cutting carefully off with scissors a naiTow strip of 
the leaf, I drop it into the parallel-sided cell of glass 
half-filled witli sea-water, and examining it firet with a 
low power, and afterwards with a higher. "We now see 
that the creeping thi-cad is a tube of homy substance, 
flattened on its under side, and that the erect stems and 
their branches are similar tubes, whose cavities are in 
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free corainiiiiication with that of the creeping root. Tiie 
■wall is tliin, and perfectly transparent and cohturless ; 
the whiteness of the whole heing dependent on a soft 
medullary core of living jolly, which, permeates tlie 
■whole structure, on which tlie horny sheath is as it wci'o 
moulded. 

This medulla is pierced with a canal, through whleli 
a fluid circulates, carrying 
along numerous minute gran- 
ules with a quivering, jei'king 
motion; this is douhtless the 
nuti'ient fluid conveying tlie 
products of digestion to every 
part of the common Btructure. 

Wiiere the branches issue 
from the angles of the stem, 
the medulla, and consequent- 
ly the horny sheath, is dilated 
into a knob ; immediately 
above this there is a joint- 
like constriction in the tube, 
and the branch itself is in 
sected by four or fivo such 
constrictions, so as to form as 
many rings. Its extremity 
then expands into an elegant cup, or vase, of extreme 
tenuity and transparency, shaped like a wine-glass, witii 
the riui undivided, but so thin and subtle as to be seen 
■with the greatest difficulty. 

These cups, or cells, are each the proper habitation 
of a polype, wiiieh is nothing else but tlie termination 
(in this direction) of the living, growing, vascular pith. 
The latter becomes exceedingly attenuated to pass 
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throiigli a very narrow orifice in the centre of a horny 
diapiiragin, or eovt of false bottom, wliich passes across 
the bottom of each cell. It then dilates into a soft 
coniractile animal, whoso body — but look for yourself; 
for here, full in the field of the microscope, is one ex- 
panding in the highest vigour and beauty. 

It is a long tnimpet-shaped body of granular flesh, 
the mouth of which just reaches tlie brim of the cup, 
over which it spreads on all sides. From its margin 
spring some eighteen or twenty tentacles — the exact 
number varying in different individuals — aiTanged in 
one or two close-set circles, like a crown. These or- 
gans, which, as you see, fall into elegant double curves, 
like tlie branches of a chandelier, are roughened witli 
knobbed rings, sometlting like the horns of a goat ; this 
structure we will presently submit to more close ex- 
amination. 

In the midst of the space suri-ounded by tlie ten- 
tacular crown there is protnided, at the pleasure of the 
animal, a large, fleshy, funnel-shaped mouth, the lips 
of which are highly sensitive and versatile, continually 
changing their foi-m — protruding, contracting, bending 
in upon themselves, now closing, now opening the 
mouth, and, as it were, testing the immediate vicinity, 
like a very delicate organ of some unknown sense. 

The whole polype is much too minute for us to at- 
tempt, with any probability of success, the amputation 
of one of the tentacles with scissors. But by cutting 
off a polype, cell and ail, and putting it into the com- 
pressorium, we may be able, by means of the graduated 
pressure, to flatten the whole, and thus discern the 
gnai'led structure of the tentacles. A very high mag- 
nifying power is needed for this. 
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Ilcve, then, we have one of the tentacles flattened 
between the glasa plates, but still retaiuing its integrity. 
"We find that the thickenings are similar in character to 
those of tlie tentacles of Sarsia, which we lutely ob- 
served. They are, in fact, accumu- 
lations of CJiidcB — those peculiar 
weapons of power, ■wliich I shall 
presently describe in full — -bnt here 
tliey are symmetrically arranged in 
single rows, each pointing upward 
and outward. 

To return to the living specimei 
on the leaf; yon see seated in the 
angles of the branches hers and 
there elegant urn-shaped cells, 
lai-ger than the polype-cells, each 
with a sort of shoulder and a nar- 
row neck. The common pith passes 
from tlie joint into the bottom of y<»"s..e«. 

these, and then extends through the centre till it reaches 
the month. In some of the urns this forms merely a 
slender column, expanding at the montli, but in others 
it enlarges at iiTcgulai" intervals into large knobs or 
masses of gi'anular flesh, which are confusedly gi-ouped 
together, eight or ten in one capsule. This latter is the 
most interesting condition ; let us watch it. 

While doing so, let me infoi-m you that tliese urns 
ai-e the reproductive organs, and the fleshy masses are 
embryos of peculiar character, which are developed 
out of the nuti'ient medulla. Tlie largest of those now 
under observation is, as you see, moving, and slowly 
working its way out of its glassy prison. Two or 
three flexible fingei'-like bodies ai"G protruding from the 
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orifice of tlie nni, and more are joining them ; we see 
they are tentacles, protruded in a loose bundle, just aa 
the polype emerges from the cell. 

It is a somewhat slow process ; but at length the 
fleshy mass squeezes itself fortli, as if poshed out by 
some contractile force behind ; while we see the fluids, 
carrying gi-anules, run juto the parts of the tentacles 
which arc already free. The embryo is liberated. 

For a few seconds it appears helpless, and falls 
through the water in a collapsed state, so that wo 
cannot discern its proper form. It gives a spasmodic 
contraction or two, feeble at first, then more vigorous ; 
the tentacles lengthen, the body expands, and — lo ! it 
is not a polype, bnt a Jleduea ! 

And now take your eye for a moment i'rora the 
microscope, and glance at this glass jar, iu which the 
oarweed with its colony of Zoophytes has been standing 
for a few lionrs. Hold it between your eye and the 
light ; do you not see that the water is alive with tiny 
dancing atoms? Hundreds are there, playing and 
pumping through tlie fluid with a sort of flapping 
motion, which, when you get ou sidewise in clear view, 
will not fail to remind you of the flagging flight of some 
heavy-bodied, long-winged bird. 'These are the Me- 
dusa-shaped progeny of the Laomedea. 

But let us i-eturn to the one of which we have just 
witnessed the birtli, and which is still flapping to and 
fro in the narrow glass trough. You see a pellucid 
colourless disk or umbrella of considerable thickness, 
about one sixtieth of an inch in diameter in its average 
state of expansion. Its substance has a reticular ap- 
pearance, probably indicating its cellular texture. In- 
ternally, the disk I'ises to a blunt point in the centre, 
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whence four vessels diverge to opposite points of the 
marf^in. These form elevated ribs, the suvface being 
gradually depressed from each to the centre of the in- 
terepaee. Externally, the centre of the disk is produced 
into a fleshy peduncle, having a narrow neck, and then 
expanding into a. sort of secondary disk, of a square 
form, with the angles rounded. Tliis organ, which is 
capable of varied, precise, and energetic motions, cor- 
responds to the peduncle of a true Medusa, the angles 
being the lips, Tliese lips, which con'espond in their 
direction to the four internal ridges, ai'e very protrusile, 
and when the little animal is active are continually be- 
ing thrust out in various directions, sometimes everted, 
but more commonly made to approach cacli other in 
different degrees ; sometimes one being bent-in towards 
the centre, sometimes all closing-up around a hollow 
interior. These four lobes, thus perpetually in motion, 
and changing within certain limits theirform and their 
relation to each other, remind one of the lips or the 
tongues of more highly organized animals. The sub- 
stance of this peduncle appears to be delicately gi-anu- 
lar ; but there is a very manifest tendency to a fibrous 
character in its texture, the fibres being directed from 
the exterior towards the interior, supposing the lobes to 
have their points in contact. 

Let us now look at tlie margin of the disk. Here 
are attached twenty-four slender tentacles, six in each 
quadrant formed by the divergent ribs, or radiating 
canals. Each tentacle springs from a thickened bulb, 
which is imbedded in the margin of the disk ; it is 
evidently tubular, but the tube is not wider in the bulb 
than in the filament. The general sui-face is rough with 
projecting points, which in some assume a very regnlar 
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muricate appearance, and the tentacle terminates in a 
blunt point. The discal part of the bnlb is fringed 
with a row of minute bead-like spherules. Aronnd the 
edge of the circumference of tlie disk, on the exterior, 
are arranged eight beautiful and conspicuous auditory- 
vesicles. They are placed in pairs, each pair being ap- 
proximate, and appropriated to each of the quadratures 
of the circle. Each of these organs coneists of a trans- 
parent globe, not enveloped in the substance of the 
disk, but so free as to appear barely in contact with 
it : it contains a single otolithe, of high refractive 
power, placed not in the centre, but towards the outer 
side. The inexperienced naturalist, on iiret seeing 
these organs, would unhesitatingly pronounce- tliem 
eyes, and the otolithe the crystalline lens. They are, 
however, pretty certainly, rudimentary organs of hear- 
ing ; the crystalline globule or otolithe being capable 
of vibration within its vesicle. Their exact counter- 
pai-ts are found in many of tlie smaller Medusfe, as we 
lately saw in the Thawmardias. 

Tile disk is endowed with an energetic power of 
contraction, by which the margin is diminished, ex- 
actly like that of a Medusa swimming ; and the ten- 
tacles have also the power of individnal motion, tliough 
in general this is languid, their rapid flapping being 
the effect of the contraction and expansion of the disk, 
producing a quick involation and evolution of tlie mar- 
gin, and carrying the tentacles with it. Occasionally, 
however, all the tentacles are strongly brought together 
at their tips, with a twitching grasping action, like 
that of fingers, whicli is certainly independent of the 
disk, and may be connected with the capture of the prey. 

Now every detail of the structure here, aa well as 
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tlic general form, nppearance, and liabite, agrees with 
the email naked-eyed MedusEe, so closely, that if we 
had not witnessed the hirth of the little creature fi'om 
the reprodnctive cell of a Zaomedea, we should have 
pronounced it with nnheaitating confidence a true 
Acaleph. The peduncle, it is tnie, eeems out of place 
being on the outside of the dome, instead of hanging 
suspended from its interior ; but this difference is only 
apparent, and arises from the circumstance that the 
disk is reverted. If you suppose the edge of the disk 
to be turned in the opposite direction, you will have 
the peduncle in its normal place : the umbrella in theso 
Bpecimons ia carried within, and the sub-umbrella with- 
out ; an invei-eion which is probably accidental. 

Comparing now this strange production of a Kedusa 
by a Polype, with what I lately told you of the pro- 
duction of Polypes by a Medusa (as in the case of the 
lovely little Turris), you will have some acquaintance 
with the wondrous phenomena which have of late 
yeai-s been surprising and interesting naturalists — viz., 
those of the Alternation of Generations ; in which as 
Chamisso, the first discoverer of the strange facts, ob- 
served — " a mother is not like its daughter, or its own 
mother, but resembles its sister, its grand-daughter, and 
its grandmother." Tlie Polype gives birth to a gene- 
ration of Mednsse which lay eggs, which develop into 
Polypes. The Medusa on the other hand lays eggs 
(gemmules), which develop into Polypes, which at 
length divide themselves into colonies of Medusfe. 

At first you will perhaps see nothing remarkable in 
another object which I collected in my rock-ramble to- 
day. A Hermit-crab in an old Ifaiioa shell ; both 
common things enough. Yet look more narrowly. 
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The greater portion of the shell is not smooth, has no 
such porcelain-like polish as the Jfatica usually has, 
hut is clothed with a sort of downy nap, a coarse 
sponginess of a greyish hue, splashed with yellowish 
and pink tints. The shell is invested with Hydrao 
tlnia. 

We restore the strange partnership — shell, fleece, 
and crab— to tlie glass of sea-water ; where we soon see 
the whole tumbling abont the bottom in \incouth 
agility. Assist your eye with this pocket-lens, and 
look again. The shaggy nap upon the shell now bristles 
with tall slender polypes, crowded and erect, like ear^ 
of com in a field. 

No high power of magnification is necessary to 
furnish us with considerable entertainment fmm this 
populous colony. The polypes stand individually 
nearly half an inch in height; each consists of a 
straiglit slender column, surmounted by eight straight 
rod-like tentacles, four of which stand erect, slightly 
diverging, and the other four, alternating with these 
at their on'gin, extend horizontally like the arms of a 
turnstile. 

The rough jolting of tlie crab over the stones the 
expanded polypes bear with equanimity ; they are used 
to it; and thongh their tentacles wave and stream 
hither and thither, they are not retracted on this 
account. But just touch with the point of the pencil 
in your hand any part of the shaggy fleece, and in- 
stantly the whole colony retire together, as if by a 
common impulse, apparently shrinking into the sub- 
stance of the shell. Yet they soon re-appear, one after 
another quickly proti'uding its closed tentacles, which 
are presently expanded as before. 
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The explanation of tliis phenomenon is, that the 
whole colony of polypes are but the free points, or 
feeding months of a common living film, which invests 
the shell ; just ae in Laomedea^ the polypes that in- 
habit the vaee-liko cells are the off-shoots or free points 
of tlie common medulla. 

Tlie investing film will sometimes in captivity spread 
upon the glass side of a tank, and then develop all the 
polypes and organs proper to tho complete organism. 
When this is the case, an admirable opportunity is 
presented for studying with ease and pi'ecision the 
economy of the creature ; and it is to the sldll with 
which Dr. T. Sti-ethill Wright has availed himself of 
such an opportunity* that I am indebted for the chief 
part of the facts that I am going to tell you, connected 
with the form and ap^ioarance, of which you can here 
judge for youreelf. 

The spreading film or polypaiy is a thin eoat of 
transparent jelly, slightly coloured with vanous tints, 
whicli secretes and deposits within its substance a 
still thinner horny layer of chitine. This rises here 
and there into numerous spines and points, which are 
curiously ridged with toothed keels ; and these ridges 
run in various directions over the honiy layer also, 
making a fine network over it. The investing 
flesh, however, fills up all the cavities and areas so 
inclosed. 

The mode in which the polypary increases is by 
throwing out from its edge a creeping band, exactly 
analogous to the root-thread of the Laomedea. Tliis 
" propagative stolon, after leaving the point of its 
origin, increases rapidly in diameter, and sends out 
* See Edin. New Philosophical Jouriml, for April, IBS'?. 
17 
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irregular brandies. The tips of these branches are 
covered with a glutinous cement, by which they 
attach themselves tenaciously to glass, or other surface 
neai- them. Having attached themselves, they expand 
laterally, at the same time throwing out finger-like 
prolongations, which, as they come in contact witli 
each other, coalesce, until a fleshy plate is found 
adherent to the glass. Polypes aro developed both 
from the loose branches and the attached polypary ; 
and the latter is clearly seen to he permeated by a 
beautiful system of anastomosing canals, connected 
with the hollow bodies of the polypes. Within these 
canals may be detected an intermittent flow of fluid, 
containing particles, the dancing motion of which 
indicates tlie presence of ciliary action, and which, 
having passed in one direction for a short time, aro 
arrested, and after a slight period of oscillation, com- 
mence to flow in an opposite direction." 

Tlie polypes which are developed from this living 
carpet are not all of the same form. No fewer than 
five distinct sorts exist, at one and tlie same time, and 
I doubt not we shall be able to find and to identify 
them all, on this well-grown specimen. 

First, there are the alimentary polypes, which we 
have already cureorily glanced at. Within the space 
inclosed by the two circles of tentacles, there is a 
mouth with soft protrusile lips, which can be pushed 
otit and folded back so as to hide tentacles, column, 
and all. 

Scattered amongst these we see numerous polypes, 
which agree in general form with these, but with some 
remarkable abstractions and additions. They have no 
mouth nor stomach, and the tentacles are reduced to 
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the Binallest possible warts or protuberances denticula- 
ting the dilated tip. But the additions arc still more 
peculiar. !From the middle part of the column a 
number, from four to nine, of great oval sacs pro- 
ject, each attached by one end, while the other 
stretches out horizontally, thus surromiding the slender 
column. Each of these sacs ia an ovarian capsule, and 
contains several ova of a brilliant yellow or crimson 
hue, Tlius we have the second fonn, — tliat of the 
reproductive polypes. 

In Bomo places single ovarian capsules stand up 
alone from the fleshy carpet, agi'ceing in every respect 
with those which we have juet examined, except that 
they are sessile, instead of being carried by a polype. 

The fourth form is tliat of the tentacular polype. 
Here and tlicre, from amidst the forest of shorter 
polypes,— alimentary and reproductive, — white threads 
are seen protruding, which extend to a length four 
or five times as great as theii-s, and hang down or 
loosely float in the water. They are found on the 
outskirts of the whole comjionnd structure, and at 
each extremity of the long diameter of tlie mouth of 
the siipporting eliell, so that they must, in their 
natural condition, reach to the ground, along which 
the crab-tenanted shell is carried, enabling the Zoo- 
phyte to seize and appropjiato the atoms scattered by 
the crab whenever he takes his meals. The tips of 
these organs are covered with a dense pavement of 
large thread-cells ; and they must doubtless perform 
the office of general purveyors to the composite 
animal. 

But still more remarkable, more extraordinary than 
all we have been considering, are the objects which 
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are now in view in the field of the mici'oscopc. 
You see a number' of bodies, which Dr. "Wright calls 
ophidian or spiral polypes, and wliich, as he truly 
observes, aro "Jike small white snakes, closely coiled 
in one, two, or three spirals, and grouped immediately 
round the mouth of the shell." The habits of these 
polypes are still stranger tlian their forms. " When 
touched, tliey only draw their folds more closely 
together. But if any part of the polypavy, however 
distant from them, be irritated, the spiral polypes 
uncoil, extend, and lash themselves violently back- 
wards and forwards, and then quickly roll themselves 
up again ; and that not irregularly or independently of 
each other, but all together, and in the same direction, 
as if moved by a single spring. A violent laceration 
of the polypary causes these polypes to remain extend- 
ed and stretched like a waving and tremulous fringe 
across the mouth of the shell, for several minutes. The 
ophidian polypes (evidently a baiTen modification of 
the reproductive polype) ai'e never found in any 
other sitnation on the polypary than in tliat before de- 
scribed, or round the margins of accidental holes in 
the shell. They have no mouth, and the tentacles are 
rudimentary. The walls of the body are very trans- 
parent, from the extreme vaccolation of the inner 
tieeue. The muscular coat, as might be expected from 
the active movements of the polypes, is highly de- 
veloped, and forms a beautiful object on tlie dark 
polarized field of the microscope, each spiral coil shin- 
ing out as a bright double ring, divided by four dai^k 
sectors. The outer tissue of the whole body and ten- 
tacles is crowded with the larger thread-cells. The 
ophidian polypes are, doubtless, organs of defence or 
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offence, like tlie motile spines and tird'a head pro- 
cesses of the Polyzoa, or the pedicellarise of the 
Echinodermata ; but it ia difficult to assign a reason 
for their peculiar situation. Tliey vary much in num- 
ber and size in different specimeiia of Sydractinia, but 
are rarely altogether absent." * 

Tlie reflections of t!io alile zoologist who first 
called attention to tliese varied developments, and liis 
comparisons of tliem with those of another polype-form, 
which we have lately been observing, are so interesting 
and instructive that you will not deem it needful tliat I 
should apologize for citing them. " In our considera- 
tion of ^\Q JSydractinia" he observes, "our attention 
is aiTested by the multitude of objects grouped together 
to constitute a single animal, their variety in form, and 
the sympathy which subsists between the different 
parts. The singular spinoas skeleton ; the expanded 
membrane of tho polypary, with its beautiful internal 
network of tubes and delicate peripheric prolongations ; 
the alimentary polyps, some white and filiform, others 
thick, fleshy, crimson, or yellow sacs, obligingly 
everted, to expose their interior to our micj'oscopic 
eye ; tlie reproductive polyps, with their richly- 
coloured generative sacs ; tlio sessile generative oi-gans 
of the polypary; the ophidian polyps, coiled in neat 
spirals when at rest, but starting into furious action, 
like a row of well-drilled soldiers, when injury is in- 
flicted on the body to which they are attached ; and, 
lastly, the tentacle polyps, floating in the water like 
long and slender threads of gossamer, or dragging 
up heavy loads of food for the common good ; — these, 
together with tlie intimate relation and sympathy sub- 
* Dr. Wright, op. oit. 
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slating between tlie polypary and its asaociatet! organs, 
all combine to form an object of the highest in- 
terest, and indicate that, in this fixed yet travelling 
zoophyte, wo have a type of atrneturo transitional 
between the dendritic Hydroidm and the more highly 
organized Aoale-ph. In the simplest aealephoid form, 
snuh as the medusoid of Convpanula/ria [or Zaomedea^ 
(which is nothing more than an extension of the poly- 
pary specially organized for independent and motile 
life,) we have (as in Mydracivma) an expanded poly- 
paiy, represented by the umbrella, and permeated 
by vascular tubes from tlie confluence of which last 
spring, at the centre, the tentacnlai' polyps, various in 
number; and between them tlie reproductive polyps, 
represented by tlie sessile generative sacs." * 

Tou see here a jar, on the glass side of which 
are traced a number of veiy fine white lines, barely 
discernible by the unassisted eye. But by the aid of 
tlie lens you see that each line is a long and slender 
thread, which creeps along the glass, and at length 
starts out from it free for a short distance, and is then 
terminated by a long club-shaped body, which carries 
at its exti'emity foiu- horizontally divergent organs, like 
the ai-ms of a turnstile. Ti'acing down the threads to 
their lower extremities, you see tliat they are branches 
of one thread, which creeps iiTcgularly ovei' a filamen- 
tous sea-weed growing from a stone in the jar. The 
aearweed had been in the vessel for several weeks, and 
the water having been undisturbed, the knobbed 
tliread, which was originally confined to the plant, 
continued to grow, and coming into contact with the 
glass spread upon it. Many other tlircads have ex- 
* Ibid., op, cit. 
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tended from the creeping root, some of which stand np 
freely in the water, with their knobbed extremities 
floating in the -wave. 

Tliis is one of the Polype tribe, named Stav/ridia, 
produGta, and as its form and structure are interesting, 
we will devote a few moments to its examination, 
"We can easily sever one or two of the freely floating 
threads, and transfer the amputated portions to one of 
the live-boxes of the microscope. The motions and ap- 
pearance of the club with its organs will be, for a 
while, little affected by the violence. 

Tlie long cylindrical thread is enveloped in a trans- 
parent horny tube, which, however, so closely invests 
it, that it is with difficulty distinguished. The club- 
shaped head, or individual polype, is an enlargement 
of the thread, which protrudes from the investing tube. 
It is swollen in the middle and rounded at the end, and 
many of the heads, which are more ventricose than the 
rest, contain a bubble of air in the centre. This air is 
doubtless taken in at the mouth, which is situated at 
the extremity ; for, though you can discern no perfora- 
tion, yet there is an aperture capable of being opened 
widely at the pleasure of the animal, and sun-ounded 
by protrusile, contractile, and expansile fleshy lips. 
I have several times seen this mouth opened, and 
pai'tly everted, in kindred species ; and once I Iiad 
an opportunity of witnessing a quite unexpected use to 
which it was applied, viz. that of a great sucldng disk. 
I had put the animal in such a live-box as this — the 
two glass surfaces being just sufficiently wide apai-t to 
allow it free liberty to turn about in all directions as far 
as it wished. On my looking at it after a momentary 
interval, I saw that the extremity had suddenly be- 
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come a largo circulav disk of tlirice the diaineter of the 
body : its snbatance ■was gelatinons, full of oblong 
granules, arranged concentrically, I neither saw this 
disk evolved nor retracted ; but after some time, on 
looking at it, the same phenomenon was repeated. In 
order to obtain a better sight of it, but without sus- 
picion of Avliat I waa about to effect, I slightly turned 
the tube of the box, eari-ying with it the alga to which 
the polype was attached, my eye upon it attentively 
observing all the time. The base of the polype moved 
away fi-om its position, but the broad disk was im- 
movable. I continued to tarn the upper glass, until 
at lengtli the body was dragged out so as to be con- 
siderably attenuated ; still the disk maintained its hold 
on the lower glass, with no otlier change than t!iat 
of being elonga.ted in the direction in whicl) it was 
dragged. At length it slowly gave way, and resumed 
its original shape by gradual and almost imperceptible 
diminution of the circumference. 

Around this expansile, but now fast-closed mouth, 
you observe four tentacles, radiating in a plane at 
right angles to the axis of the thread, towards the four 
cardinal points; they ai-e long, slender, straight, and 
each is terminated by a globose head of considerable 
size, resembling tlie arms of certain scrow-presses, 
which are loaded with terminal globes of metal to in- 
crease tlieir impetus when turned. 

The stnicture of these tentacles is very interesting. 
The stem contains a core or central chain of lai'ge cells, 
which take a somewhat square outline from mutual 
pressure. The surface is roughened with small swell- 
ings, fi-om each of which projects a long and excessively 
attenuated hair {jooI^oogU), which is probably a very del- 
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icate orgiiu of touch. Tlie terminal glol^e is filled witli 
propoi'tionally largo oval vesicles, each with a uentral 
cavity, which are arranged in a divei'gent manner 
aronnd tlie centre, so that their tips shall reach tlie sur- 
face of the globe ; these are tlioso potent weapons of 
offence called thread-celle {cnidw) Tlie enitace of the 
globe ie covered with short thick jiilpoeils, which Dr. 
T. S. "Wright considers as prelieneile oigaii? "These 
palpocils arise, each as a 
Bomewhat rigid process, 
from the side of one of the 
large thread-cells, bnried 
in the head of the tentacle ; 
and tliey probably convey 
an impression from bodies 
coming into contact with 
them, to the thread -cell, 
causing the extrusion of 
its duct." 

Besides these globe- 
headed tentacles, there 
are, on tlio lower part of 
the club-foot, four other 
organs simiiai' in every 
respect, except that they 
are not furnished with 
heads, nor any terminal dilatation whatever. TJiey 
project horizontally as the knobbed ones, but their ori- 
gin, and the respective lines of their radiation, are in- 
tej-mediate or alternate ; in other words, if we consider 
the globe-heads as pointing N.-E. S. and W., the sim 
pie ones point K.-E., S.-E., S.-W., and N.-W. 

From the carefully made observations of several 
17* 
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excellent natui'alists — as Dujardin, Steenstrnp, Dalyell, 
Loven, and others — it appeara that this beautiful and 
elegant little Polype gives birth to medusa-shaped 
yonng. Contrary, howevei-, to the rule in Zaomedea, 
the Medusa is in this case pushed forth as a bud 
from the side of the club, -without any protecting cap- 
sule. The process is exceedingly like a plant develop- 
ing a. flower ; for the bud grows Tintil it at length 
expands blossom-like, and a beautiful little -nmbrella- 
form Medusa is seen adhering to tlie Polype. At 
length the brilliant little living flower becomes detach- 
ed ; and, after swimming freely for a time, discharges 
ova or gemmules from its ovaries, which develop into 
a creeping-root-thread, and finally into the club-headed 
threads of the Staivi'idia. 

Some objects which I have to exhibit to you are 
altogether unique as to their appearance; and, if you 
are not as imperturbable as a philosopher of tlie 5'to^ 
or a Mohawk Indian, will certainly excite both your 
risibility and your wonder. Per some little time I have 
been keeping in this tank a specimen of that rather rare 
and very interesting SaheUa,t\i& AmpMtrite -oesiculoaa 
of Montagu.* Ton see it is a worm, inhabiting a soi-t 
of skinny tube, much begrimed with mud, about two 
inches of its length being exposed ; the remainder, or 
about as much more, being concealed among the sand 
and sediment of the bottom. 

A beautiful object is presented by the gill-fans of 
this worm. These organs are always elegant, whatever 
species of the genns is befoj-e us ; but here, in addition 
to tlie charm of the slender filaments, so delicately 
fringed with their double comb-like rows of cirri, the 
* JAmi. Trans. li. 19. 
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tip of eacli bears a dark pnrple spherale. That of tlic 
anterior fllaraent on each side is much larger than the 
rest, and forma a stout, globose, nearly black ball ; the 
others diminish to about the twelfth on each side, where 
they disappear. These balls are placed on the inner or 
upper face of the filament-stem, at the point where the 
pectination ceases, the stem itself being continued to a 
Blender point beyond it, and constituting tlie " short 
hyaline appendage" of Montagu. I"rom their great 
resemblance to the tentacle-eyes of the Gasteropod 
Jlollusca, I havo little doubt that these are organs of 
vision. If so, the profusion with which the Sabella is 
furnished in this respect may account for its excessive 
vigilance ; which is so great, that not only will the in- 
tervention of any substance between it and the light 
cause it to retire, but very frec[uently it will dai-t back 
into its tube almost as soon as I enter tlie room, even 
while I am ten feet distant. 

It is not, however, to the tube, nor to the worm, 
that I wish specially to direct your attention : j-et it is 
necessary that I say a preliminary word about the for- 
mer. Ordinarily the tubes of these worms are formed 
of tlie fine impalpable earthy matters (clay, mud, &c.) 
held in suspension in the sea, incorporated with a chiti- 
nous secretion from the body of the animal ; and there- 
fore the surface of the tube is always rough and opaque. 
But in this individual case, probably owing to tlie habit- 
ual stillness of the water in the vessel not holding in 
suspension the particles of mud that ordinarily enter 
into the composition of the tube, the latest-formed por- 
tion is composed of pure transparent chitine, without 
any perceptible earthy element. This clear terminal 
portion of the tube you may perceive to be occupied 
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by a cnrions parasite. About twenty bodies, liaving ji 
most lu<3icroiisIy close resembliiiice to the buinsin figure, 
and as closely imitating certain Imnian motions, aro 
seen standing erect ai'ound tlie moatii of the tube, now 
that the Sabella has retired into the interior, and are 
incessantly bowing and tossing about their arms in the 
most energetic manner. 




As soon as yon have recovered from your surprise at 
this strange display, we will begin to examine the per- 
formere move in detail. A slender creeping thread, 
irregularly crossing and anastomosing, so as to form a 
loosenetworkofabont three meshes in width, sun-onnds 
the margin of the Sahella^s tube, adhering firmly to its 
exterior em-face, in the chitinona substance of whicii it 
seems imbedded. Here and there free buds are given 
off, especially from the lower edge ; while from the 
upper threads spring the strange forms that have at- 
tracted our notice. These arc spindle-shaped bodies, 
about i'fftli of an inch in height, whose lower exfremi- 
tities are of no greater thickness than the thread from 
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which they spring ; with a head-like lobe at the summit, 
separated from the body by a constriction, immedi- 
ately below which two lengthened arms project iu a 
direction towards the axis of the tuhe. 

Such is the external form of these animals, and 
their movements are still more extraordinary. The 
head lobe of each one moves to and fro freely on the 
neck, the body sways from side to eido, but still more 
vigorously backward and forward, frequently tending 
into an arch in either direction; while the long arms 
are widely expanded, tossed wildly upward, and then 
waved downward, as if to mimic the actions of the 
most tumultuous human passion. 

"Whenever the Sabella protrudes from its tuhe, these 
guardian forms are pushed out, and remain nearly in 
contact with the Annelid's body, moving but slightly ; 
but no sooner does it retire than they begin instantly 
to bow forward and gesticulate as hefore. These move- 
ments are continued, so far as I have observed, all the 
time that the Bdhdla is retracted, and are not in any 
degree dependent on currents in the surrounding water, 
whether those currents be produced by tlie action of 
the Annelid or by otlier causes. They arc not rhyth- 
mical ; each individual appears to be animated by a 
distinct volition. 

Applying a higher magnifying power than we have 
yet used to the animals, we find that the head-lobe en- 
closes a central cavity ; that the arms are also hollow, 
with thick walls, marked with transverse lines, indicat- 
ing flattened cells, and muricated on the exterior ; and 
that tlie hody contains an undefined, sub-opaque nucleus, 
doubtless a stomachal cavity. 

I cut out, with fine seisBors, a segment of the tuhe, 
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including two of the parasites, with the portion of the 
network of threads that carried them. They liave be- 
come immediately paralysed hy the division of the 
threads, but those that remain on the tiibe are imafFect- 
ed by the violence. Subjecting one of the animals so 
cut out to the action of the eompressonum, with a 
power of 560 diameters, the ai'ms are seen to be formed 
of globose cells, made slightly polyhedral by mutual 
pressure, set in single series. The interior of those 
organs is divided by partitions, placed at intervals of 
about the diameter. Some at least of the cells contain 
a small bright excentrie nueleuB, 

When the tissues were quite crushed down by the 
pressure of the compressorium, a quivering motion was 
visible among the disjointed granules, but it was very 
slight. No trace of Cilia, nor any appearance of ciliary 
motion, was perceptible during life. 

When I first discovered these sti-ange beings, I was 
as much astonished by what I saw as you are ; nor 
could I imagine to what class of animals they were to 
be referred. Neither did I know whether their presence 
on the tube of the worm was a mere accident, or 
whether it indicated a predominal instinct. On both 
these points, however, light has been shed. 

This lai'ger SaheUa tube was not the only one in- 
fested with the parasites. I obeei-ved them on at le^t 
two smaller specimens of the same species, in the same 
situation, and with precisely the same movements. 
The extremity of one of these smaller tubes I cut wholly 
off, and placed in the live-box of the microscope. Two 
of the parasites only were on it, which were active at 
first, but in about an hour — probably from the exhaus- 
tion of the oxygen in the small quantity of water in- 
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closed — the decomposed, or rather disintegrated, the 
outline dissolving, and the external cells becoming loose 
and ragged, and the whole animal losing its definite 
form. 

One of these specimens, however, while yet alive 
and active, afforded me an observation of value. I had 
already associated tiie form conjccturally with tlie 
I'lydroid Polypes, and -was inclined to place it in the 
family Corynidce, considering the arms to be tentacles, 
and the head-lobe to be homologous with tlieui in 
charactei', but abnormal in form. It appeared to be a 
three-tentacled Coryne, with the tentacles simple instead 
of capitate. Bat while I was observing the individual 
in question, I saw it suddenly open the liead-lobe, and 
unfold it into the form of a broad shovel-shaped expand- 
ed disk, not however flat, but with the two halves in- 
clining towards each other, like two leaves of a half- 
opened book. This immediately reminded me of the 
gi-eat sucking-disk which, as I lately told yon, I had 
seen evolved from the obtuse summit of Stauridia, ^ro- 
duGta, and confirmed my suggestion of the natural 
affinities of the form. 

Altogether unlike, in their shape, and in the un- 
wonted vivacity and peculiarly human chai'acter of 
their movements, all the otiier members of their natu- 
ral family that I had ever seen or heard of, these cu- 
rious creatures have afforded much entertainment, not 
only to myself, but to those scientific friends to whom 
I have had opportunities of exhibiting them. When I 
see them surrounding the mansion of the Sahella, gazing, 
as it were, after him as he retreats into his castle, fling- 
ing their wild arms over its entrance, and keeping 
tvatch with untiring vigilance until he reappears, it 
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seems to require no vety vivid fancy to imagine tliem 
so many guardian demoiia ; and the Lares of tlie old 
Eoman mjtliology occurring to memory, I described 
the form under tlie scientific appellation oiLar Sahella- 
rum. You may, however, if it pleases yon better, call 
them " witches dancing round tlie charmed pot." 

The Polypes that wo have as yet been looking at 
are all of eimplo structure individually, though some 
of them we have seen united into a very populous com- 
munity of compound life. We will now look at some 
whose organization is of a higher, that is, more complex 
character. 

On this old woi-m-eaten oyster shell which has heen 
dredged up from the bottom of the sea, you observe 
several rounded lumps. They are of a cream-white hue, 
of somewhat solid texture, tougii and hard to the touch, 
and studded all over widi shallow depressions or pit- 
tings. Tlie largest of these is not more than an inch 
and a half in heigiit, by two-thirds of an inch in thick- 
ness ; but specimens often occur of twice or thrice 
these dimensions, and much more divided than this; 
sometimes forming a rude resemblance to a hand of 
stumpy round fingers of sodden flesh— whence the 
fishermen call the object, "Dead men's fingers," or, 
sometimes, by a comparison equally apt, " Cows' paps," 
To zoologists it is known as Alcyonium digitatum. 

Certainly there i& nothing very attractive in these 
white lumps, as they now appear ; but then they are 
now in undrew; they do not expect to see company 
out of water. Their drawing-room is heneath the 
waves, in some suhmerged cave of ocean, where the 
sun's ray never penetrated, and whei'e the only light 
is that dim green haze reflected from tlio sand and 



Hooted by Google 



ZOOPHYTES. 401 

Kliingle of the sea-fioor, save when, on gala occasions 
perchance, t!ie Laonvedem that fringe the walls light up 
their myriads of fairy lamps, and the tiny Medusm 
crowd ill to the watery festivities with their eliish 
circlets and spangles of living flame. It is tlien that 
the Cows' paps " take their hair out of paper," and dis- 
play their loveliness to advantage. 

Unforttinately, wehave no eardof invitation to these 
submarine routs, but perhaps wo may induce one of the 
more juvenile of these beauties to indulge us, as a 
special favour, with a sample of the effect ; particulaily 
if we can improvise a ball-room suited to the occasion. 
Let ua try. 

Selecting the veiy smallest specimen — a tiny thing 
no larger than a pea — ^I tiy to detach it without injury, 
by inserting the tip of my pocket-knife under the 
frilled lamina of oyster-shell on which it rests, and 
working off the fragment. I have succeeded ; liere it 
is ; its attachment unbroken ; it is still firmly adlierent 
to the severed slice of shell, which is so small that T 
can drop it with its burden into this nari'ow trough of 
glass. Tlie whole concern — trough, shell, and polype 
— is now to be dropped into this capacious jar of fi-eshly 
dipped sea-water, and put away for an hour into a dark 
closet. 



Now let us see the result. Yes, it is as I expected, 
Tlie united stimulus of the darkness and the sea-water 
has acted on the Cow's pap, just as would the rising 
and covering tide in its native cavern, after it had 
been left exposed for some hours by the recess of the 
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eea. It is fully expanded, and is now as lovely as just 
now it was iinpleasing. 

In the first place it is swollen to twice its former 
dimensions, and has acijnired at the same time a semi- 
pellucidity, and a more delicate hue. But in place of 
the pita on the surface (there were not more than half 
a dozen in this little specimen, which makes it more 
suitable for examination), it is covered with tail polypes, 
standing out on all sides, of crystalline clearness and 
starry forms, each eminently beautifnl in itself, and 
surrounding the whole mass with a sort of atmosphere 
of almost invisible and impalpable lustre peculiarly 
charming. 

Coy as these deep-water strangere are of displaying 
their beauties in our glaring aq^uariums, they will bear, 
when once they are, expanded, a good deal of shaking 
with ecLuanimity. Hence I maybe able to ti-ansfer the 
trough with its contents from the jar to the stage of the 
microscope, and thus enable yon to gaze on its details 
for a little while, before the dull sensonum of the 
creature is sufficiently warned of its nngenial position 
to cause it to shut itself up and resume its ugliness. 

As the protruded polypes are exactly alike, it will 
be enough to confine our attention to one. It is an 
elevated tubulai" column of translucent substance, ter- 
minating in an expanded flower of eight slender pointed 
petals, which spring outward with a graceful swell, 
60 as to give the form of a shallow bell to the general 
outline. The base springs, like the foot of a tree, from 
the margin of a cell, which penetrates the substance 
of the mass, into which we can see far down, and into 
which the whole of the now extended and expanded 
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blossom was witlulraiv]! when wo first saw it, leaving 
only the sliallow depresBioii to mark its situation. 

Tlie form of the column is in general that of the 
tmnk of a tree, or that of a long cone ; but there is a 
sudden constriction just above the base, and another 
below the point, where what may be called the flower 
expands. It is the petals of this latter which consti- 
tute the principal charm of tliis creatiire. Tliey are, 
properly speaking, the tentacles of the Polype, answer- 
ing in function and position to those on the Zaomedea, 
hxA differing considerably from them in form. Each of 
the eight is thick and broad at its origin, and quickly 
tapers to a point : on each of two opposite sides — viz. 
those which look towards the two adjoining tentacles, 
nins a row of delicately slender filaments, which at the 




middle part of the tentacle are moderately long, but 
diminish regularly as they approach either end. Start- 
ing from the side of the tentacle, in the plane of its 
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tvaiisverae diameter, these elegant pinnse presently arch 
downwards, but with perfect uniformity and symmetiy. 
By means of the high magnifying power which I have 
now applied, each of these pinnse is seen to be rough- 
ened with whoi'la of knobs, which are accumulations 
of ciiidfe, analogous to those which we lately deniou- 
sti'ated in tlie tentacle oi Zaomeiha. 

In the midst of tlie area surrounded hj the petal- 
like tentacles, a narrow slit opens into the stomach. 
This organ is a flat sac, resembling an empty pillow- 
case hanging down in the centre of the column, and 
open at the lower end. I"rom this und, which does 
not extend to more than one-sixth of the depth of the 
cavity, tliree threads, nauch convoluted and irregularly 
thickened, spring off at each side and areh downwards, 
for a short distance. These are the reproductive or- 
gans, wliich fiinge the free edges of as many delicate 
membranes which run up as perpendicular partitions 
between the stomach and outer wall, uniting with 
botli, and thus dividing the space snrrounding the 
stomach into chambers open at the bottom. There 
are eight of these septa, bnt one on each side is desti- 
tute of the fringing convoluted thread. 

The whole surface of the interior — ^tho walls, the 
stomach, and the septa — is clothed with fine vibratile 
cilia, by the action of which constant currents are 
maintained in the water, which bathes every part of 
the cavity, freely entering at the mouth. "We can 
distinctly trace these ciliary currents hurling along 
with irregular energy the products of digestion, in the 
form of translucent granules, especially along the 
edges of the septa. 

Though the substance of the polype be soft and 
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flexible, it contains solid elements. Jiist below tbo 
expansion of the tentacalar blossom, we see imbedded 
in the skin a vast aggregation of calcareous spicula. 
Individually, tliese are very minute, and their form is 
swollen in tlie middle, and taper at each extremity, 
the whole roughened with projecting knots. Oollec- 
tivelj, they are gi-ouped in regnlai- fonns, crowded 
into dense masses at the foot of each tentacle ; the 
mass having a three-pointed outline, of which the 
central and largest point runs np into tlie tentacle, 

Towards the lower region of the column, spicula 
again occur, scattered throughout the skin, and crowd- 
ed into gi-onps, one on each interseptal space. These 
epicula are of a veiy different shape from the upper 
ones ; for they form short tliick cylinders, with each 
end dilated into a star of five or six short branches, 
wliich are again starred at their truncate ends. 

If we now sacrifice our little Cow's pap to our 
scientific curiosity, we shall see something of its in- 
ternal structure. "When removed from the water, the 
blower-like polypes soon retract. I now cut open 
the mass lengthwise with a keen knife, and you see 
that it is permeated by canals running from tlie base 
towards every part of the circumference, dilating here 
and there to form the cells which protrude and retract 
the polypes. This is a complete system of water- 
supply : tlie surrounding sea-water entering at the 
hiouths of the several polypes, bathes the whole 
interior, and conveys oxygen and the products of 
digestion together to every part of the compound 
organism. 

The fleshy substance which surrounds tliese canals 
is of a loose spongy character, and grates beneath tlie 
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knife ; a circnmstanco ■whieli is owing to tlie predom- 
inanco of tlie calcareous element here, aa you will see 
wlien I extract a small portion of it, and, laying it on 
a elip of glass, treat it with canstic potass. The micro- 
scope now reveals a large number of epicula, far 
larger than those we have hitherto observed, and dif- 
ferent from either sort in form. These resemble very 
gnarled branches of oak, with the hranclilets broken 
off close to their origin, leaving ragged and starred 
ends. 
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CHAPTER XIX. 

BEA-AHEMOHES : THEIR WEAPONS. 

A VEKT vast amount of the energy of animal life is 
spent eitlier in making war, or in resisting or evading 
it. OiFence and defenee are sciences which the infe- 
rior creatures can in nowise neglect, since all are 
interested in one or other, and many in botli ; and 
various are the arts and devices, the triclis and strata- 
gems, the instincts and faculties, employed in that 
earnest strife which never knows a suspension of hos- 
tilities. All classes of animals, invertebrate as well as 
vertebrate, are warriors by profession; the Spider is 
as carnivorous as the Lion, and more strategic; and 
tlie invisible Brachion is as ruthless and insatiable as 
either. 

An enumeration and description of the diverse 
weapons^ by means of which this truceless warfare is 
carried on, would malce a volume : nor would the 
subject bo then exhausted; for since it enters so 
largely into tho very existence of animal life, the 
discoveries of advancing science are ever bringing to 
light new forms and modifications, strange and unex- 
pected contrivances, all calculated to enhance our 
view of the inexhaustible resources of the Lord God 
Omnipotent, " who is wonderful in counsel, and excel- 
lent in working." 
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I am going to bring under your notice tliis evening 
some liigiily curious examples of animal weapons, of 
wliich the veiy existence was until lately altogetlier 
unsuspected; yet so profusely distributed tJiat they are 
eminently characteristic of the two great classes of 
animals we have been recently considenng — viz., the 
Medusie and tlie Zoophytes. Tliey have repeatedly 
fallen under our observation in examining the speci- 
mens of these creatures which we had selected, but I 
had reserved the fuller elucidation of them for an occa- 
Bion in wliich they should come before us under cir- 
cumstances of such unusual development as greatly to 
facilitate our researches. The weapons I spealc of are 
the anidcB or nettling-cells. 

Look at this beautiful Scarlet-fringed Anemone 
{Sagarta mimata), expanding to t!ie utmost its disk 
and tentacles in the clear water of the tank. I touch 
its body; instantly the blossom-like display is with- 
drawn; the eolunm closing over it in the form of 
a hemispherical button, which goes oit contracting 
spasmodically. At the same time see these white 
threads which shoot out from various points of the 
surface ; new ones appearing at every fresh contrac- 
tion, and streaming out to a length of several inches — 
resembling in appearance fine sowing cotton, twisted 
and tangled irregularly. 

Now the animal has attained its utmost contraction, 
and the threads lengthen no more. But already they 
are disappearing; each is returning into the body by 
the orifice at which it issued. It is, as you may see 
by examining it carefully with a lens, gradually con- 
tracting into small irregular coils, at that end which is 
attached to the animal ; and these little coils are, one 
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after unotliei-, sucked in, as it were, through sin impei- 
oeptible orifice. 

Before the whole have disappeai-ed, we will secure 
a portion for examination. For tliis end I cut off with 
a sharp scissors about one-sixth of an inch of the 
extremity of one of the threads, which now 1 transfor 
to a drop of sea-water in the eorapressorium. Tliese 
Ihr'eads are called aeontia. 

Examining this fragment nndor a low power of the 
microscope, we readily see that, though at first it 
seems a solid cylinder, it is really a flat narrow rihbon 




with the edges cni'ved in, which can at pleasure be 
brought into contact, and thus constitute a tube. Lii;e 
all other internal organs in those animals, its surface is 
richly ciliated, and the ciliary cnrrents not only hurl 
along whatever floating atoms chance to approach the 
18 
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surface, but cause the detached fragments tliemsclvea 
to wheel round and round, and to swim away through 
the water. Tliough there is not the slightest trace of 
fibre in the structure of the acontiimi, when ecrntuiized 
even with a power of eight hundred diametei-s, the 
clear jelly, or Barcode, of which its basis is composed, 
is endowed with a veiy evident contractility ; tlie 
filament can contract or elongate ; can extend itself in 
a straight line, or throw its length into spbal curves 
and contorted coils ; can bring its margins togetlier, or 
separate them in various degi'ees ; can perform the one 
operation in one part, and the other at another, and 
tlins can enlarge or attenuate the general diameter 
of the cord, apparently at will ; and some of these 
changes can be effected even in the fragment detached 
from the animal, thus proving that tlie motile power, 
whatever it is, is localized ip the constituent tissue 
itself. 

Under pressure the edges of the flattened aeonimm 
appear to be thronged with clear viscous globules, 
overlapping one another, and protruding ; indicating 
one or more layere of superficial cells, doubtless form- 
ing the epithelium. As the pressure is increased, 
these ooze out as long pear-shaped drops, and imme- 
diately assume a perfectly globular form, with a high 
refractive power, Below these are pacl;ed a dense 
ci'owd of cnidw, arranged transvereely. 

Before we proceed to the examination of these 
curious organs in detail, it may be well to devote a 
moment's attention to the mechanism by which the 
aoontia themselves are projected from the body. As 
this was first described (so far as I am aware) by 
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myself,* I will take tlie liberty of citing some of my 
observations on the matter. 

" The emission of the acontia 
is provided for by the existence 
of special orifices, ■which I term 
Cinclides. The integument of 
tlie body, in the Sagartim, is 
perforated by minute foramina, 
having a resemblance in ap- 
pearance to the spiracula of In- 
sects. They occur in the inter- 
septal spaces; opening a com- 
munication between tliese (and 
therefore the general visceral 
cavity) and the external water. 
It follows that they are placed 
in perpendicular rows, but I 
have not been able to trace any liii-i^uuta. 

other regulai'ity in their arrangement. So far as I have 
seen, they are so scattered, that one, two, or even more 
contiguous intersepts may be quite destitute of a cincUs. 
I would not, however, attach too much weight to this 
negative evidence, since the animal has the power of 
closing tiiem individually at will, and that so com- 
pletely that the most careful scrutiny does not detect 
their presence. 

Perhaps the best mode of examining them isto 
put a small specimen of S. dimithus or S. iellis into 
a narrow parallel-sided gl^s-cell, filled with sea-water. 
After a while the animal will be much disteiided; 
the exhaustion of the oxygen impelling the Anemone 

* In a memoir entitled, " Researches oo the Poison Apparatus in tho 
.Actiniadie," read before the Rojal Society, Feb, 4tb, 1868. 
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to batlio its organs witli as large a qiiantity of the fluid 
as it can inliale. The pellucidity of alt the integu- 
ineiits will be thus greatly increased. A strong lamp- 
light being now reflected, by means of the mirror 
through the animal on the stage of the microscope, an 
inch or a half-inch ohject-glass will probably reveal 
tJie orifices in question with much distinctness. 

"The appearance of the cindides may be compared 
to tliat which would be presented by the lids of the 
human eye, supposing these to be reversed; the con- 
vexity being inwards. Each is an oval depression, 
with a transverse slit across the middle. When closed, 
this siit may sometimes be discerned merely as a dark 
line — the optical expression of the contact of the two 
edges ; but, when slightly opened, a brilliant line of 
light allows the passage of the rays from the lamp to 
tlie beholder. From this condition the lids may sepa^ 
rate in vai-ious degi-ees, until they are retracted to the 
niargin of the oval pit, and the wliole orifice is open. 

The dimensions of the cindides vary not only witli 
the species, and probably also with the size of the 
individual, but witli the state of the muscular con- 
traction of the integument, as, also, I think, with the 
pleasure of the animal. In a small specimen of S. 
dianihuB, I found the width of a cindis, measured 
transversely, ^^ jth of an inch ; but that of another, in 
the same animal, was more than twice as gi'eat, viz., 
Y^jth of an inch. This was on the thickened marginal 
ring, or parapet, which in this species surrounds the 
tentacles, w4iere tlie cindides are larger than else- 
where. Watching a specimen of S. nivea nnder the 
microscope, I saw a dnclis begin to open, and gi-ad- 
ually expand till it was almost circular in outline, and 
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^Ys'^^ol^' ^^ inch in diameter. I slightly toEcbed the 
animal, and it in an instant enlarged the aperture 
to sJstli of an inch. In a specimen of S. hellis, less 
than half-gi'own, I found the cincUdes nnmerouB, and 
snfflciently easy of detection, but rather less defined 
than in diawthits or nivea. They occurred at about 
every fourth intereept, three intersepts being blind 
for each perforate one, and about three or four in 
linear series, but not qnite regularly in either of these 
respects. In this case tliey were about -g^th. of an 
jncli in transvei-ee diameter — a large size; and I 
measured one ■vvliich was even ^'jth of an inch. By 
bringing the animal before the window, I conld dis- 
cern the light through the tiny orifices with my naked 
eye. 

From several good observations, and especially 
from one on a cindis, widely opened, that happened to 
be close to the edge of the parapet of a dicmthiis, I 
perceived tliat the passage is not absolutely open, at 
least in ordinary, but that an excessively thin film lies 
across it. By delicate focussing, I have detected re- 
peatedly, in different degrees of expansion, and even 
at tlie widest, tlie gi-anulations of a membrane of exces- 
sive tenuity, and one or two scattered cnidm, across 
the bright interval. On another occasion, in the case 
of a cindis at the edge of the parapet, a position sin- 
gularly favourable for obeei-vation, I saw that this 
subtle film was gradually pushed ont until it assumed 
the foi-ra of a hemispherical bladder, in which state it 
remained as long as I looked at it. At the same time 
the outline of the cindis itself was sharp and clear, 
when brought into focus further in. The film, what- 
ever it be, is supei'fieial, and does not appear to be a 
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poi'tion of tliG iiiteguraent proper, I take it to te a 
film of mucus (composed of deoi-ganized epitlielial 
cells), which is constantly iu process of being slouglied 
from all the supei-iicial tissues in this tribe of animals, 
and which continnes tenaciously to invest their bodies, 
until, corrugated by the successive contractions of the 
animal, it is washed away by the motions of the waves. 
As, however, ono film ia no' sooner removed than 
another commences to form, ono would always expect 
external pores eo minute as tliese to be veiled by a 
mucus- film in seasons of rest. 

Tiie pressure of this film js snfficient evidence that 
the cincUdes ai-e not excretory orifices for the outflow 
of the respired water, in the manner of the discharging 
siphon in the Bivalve Mollusca : — at least that no 
cuiTent constantly, or even ordinarily, passes through 
them. I have watched them continuously for periods 
sufficient to detect such discharge if it were periodic. 
On one occasion (viz., that in which the film was 
protruded like a blowm bladder) a minute Infusorial 
animalcule chanced to pass across, close to the surface 
of the film ; this would have been a decisive test of 
the existence of a ciliary current; but not the slight- 
est deviation in the little atom's course could be de- 
tected. 

That the cinelides are the special orifices through 
wliich those missile weapons — tlie acontia — are shot 
and recovered, rests not merely on tlie probability that 
arises from the co-existence of the two series of facts 
I have above recorded, but upon actual observation. 
In a rather large S. dianthus, somewhat distended, 
placed in a glass vessel between my eye and the sun, 
I saw, witli great distinctness, by the aid of a pocket 
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lens, many acontia protruded from the cinelides, and 
many more of the latter widely open, Tiie acontia, 
in some cases, did not so acciii'ately fill the orifice but 
that a line of bright light {or of darkneRs, according as 
the saa was exactly opposite or not) was seen partially 
bordering the issue of the thread, while the thickened 
rim of the ciriclis stuTOunded all. 

The appearance of the orifices whence the acontia 
issued was that of a tubercle or wart, and the same 
appearance I have repeatedly marked in examples 
observed on the stsige of the microscope ; namely, that 
of a perforate pimple, or short columnar tube. This 
was clearly manifest when the animal, slowly swaying 
to and fro, brought the sides of the oinolia into partial 
perspective. 

On another occasion I wituessed the actual issue 
of the acontia from the cincUdes. I was watching, 
under a low power of the microscope, a specimen of a 
S. ndvea, while, by touching its body rudely, I pro- 
voked it to emit its missile filaments. Presently they 
buret out with force, not all at once, but some here 
and there, then more, and yet more, on tlie repeated 
oonti'actions of the cormgating walls of the body. 
Occasionally, the free extremity of a filament would 
appear, but more frequently ihe hight of a "bent one, 
and very often I saw two, and even three, issue from 
the same cinclis. The successive contractions of the 
animal under irritation, caused the aconUa already 
protruded to lengthen with each fresh impetus, the 
bights still streaming out in long loops, till perhaps 
the free end 'would be liberated, and it would be a 
loop no longer; and sometimes a new thread would 
shoot from a cinclis, whence one or two long ones were 
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atrctcliing alreai^y ; while, as often, tlio new-comere 
would force open new einclides for tliemselvee. The 
suddenness and explosive force with which they hm-st 
out, appeared to indicate a resistance which was at 
length overcome; — perhaps (in part at least) due to 
the epithelial film above mentioned, or to an actual 
epiderm, which, tliough often ruptured, has ever, with 
the aptitude to heal common to these lowly stmctures, 
tlie power of quickly uniting again. 

It appeared to me mauit'eafc from this and other 
similar observations, tliat no such arrangement exists 
as tliat which I had fancied : — tliat a definite cinclis 
is assigned to a definite aeonUum,, or pair of acontia ; 
and tliat the extremity of the latter is gnided to the 
former, with nnerving accuracy, by some internal 
mecliaiiisiw, whenever the exercise of the defensive 
faculty is desired. What I judge to be the true state 
of the case is as follows ; The acontia, fastened by one 
end to the septa or their mesenteries, lie, while at rest, 
irregularly coiled np along tlie nan'ow interseptal 
fossEC. The outer walls of these fossae are pierced with 
the cmclides. AVhen the animal is irritated, it imme- 
diately contracts : the water contained in the visceral 
cavity finds vent at these natural orifices, and the 
forcible c\UTents cany with them tlie acontia, each 
through that cvndis whicli happens to lie nearest to it. 
The frequency with which a loop is forced out shows 
that the issue is the result of a merely mechanical 
action ; which is, however, not the less worthy of ad- 
miration becaneo of the simplicity of the contrivance, 
nor the less manifestly the result of Divine wisdom 
working to a given end by perfectly adequate means. 
The ejected aoontia, loaded with their deadly onidcB in 
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eveiy part of their lengti, cany abroad tlieir f.ital 
powora not tJie less surely tlian if each had been pro- 
Tided witli a proper tube leading from ita free extrem- 
ity to the nearest cincUs." 

Curious as these contrivances are, 
there is yet mnch more to be told : 
these are preparatory and ancillary, as 
it were, to the elaborate mechanism by 
which the ultimate object of the whole 
provision is to be attained. The acon- 
tinm is but a reservior for the weapons 
— a kind of quiver for the arrows ; and 
the cinclis is a provision for getting 
them ready for action : we have not yet 
looked at the arrows themselves. 

They occur under tliree principal 
forms ; and for the investigation of these 
we shall find it convenient to have re- 
course to different species. 

The ili-st and most generally distribu- 
ted form is tlie Chambered Cnida, as it 
is also t!ie moat elaborately organized. 
I know of no species in which it can be 
examined under so favourable circum- 
stances as the pretty Madrepore {Cija- 
tJiina Sinithii) of our south-western ="■"■>■ °l^"'^'^ 
coasts ; and as I hare several specimens 
of that species in my aquarium, subjects are at hand for 
onr investigation. The clear tentacles are, as you per- 
ceive, crowned with opaque globular heada ; if I should 
nip oif one of these heads and ilatten it by meana of tlie 
compressorium, you would see it literally composed of 
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cnidcB, the ends of which project side by side, as close 
as they can be packed one against another. 

But still Jarger examples may be obtained from tlie 
croispeda. With a smart sudden blow I break the stony 
skeleton of the Hadrepore in sunder — the flesh tearing 
apart also ; and thus I expose the interior of the living 
animal. A great number of pellucid ribbons arc now 
seen, very much couvolnted, whicli are named eras- 
peda. These are almost composed of large cnidcB. 

I remove with fine pliers a small fragment of one 
of these ribbons, and placing it between the plates of 
the compreBBorinm, flatten it gradually till the plates 
ai-e brought into as close contact as they can be. A 
high power now being put on, examine tlie organ in 
question. 

Tou see a multitude of perfectly transpai-ent, 
colourless vesicles, of a lengthened ovate figure, con- 
siderably larger at one end tliau at the other ; one of 
average dimensions measures in length ^j^rth of an 
inch, and in greatest diameter jirVotli- "^n ^^^ larger 
(the anterior) moiety, passing longitudinally tliroogh 
its centre, is seen a slender chamber, fusifomi or 
lozenge-form, abont T^Vsth of an inch in its greatest 
transverse diameter, and tapering to a point at each 
extremitj'. The anterior point merges into the walls 
of the cmd(B at its exti-emity, while the posteiior end, 
after having become attenuated like the anterior, 
dilates with a funnel-shaped mouth, in which the eye 
can clearly see a doable infolding of the chamber- 
wall. After this di??tble fold the strncture proceeds as 
a very slender cord, which passing back towards the 
anterior end of the capsule, winds loosely round and 
round the chamber, with some regularity at firet, but 
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becoming involved in contortions more and more intri- 
cate, 33 it fills up the poBterior moiety of tlie cavity. 
The fusifoiin cliamber appears to be mari;ed on its 
inner surface with regularly reciirring serrations, 
which are the optical expression of that peculiar arma 
tnre to be described presently. 

" Under the stimulus of pressure when subjected to 
microscopical examination, and doubtless under ner- 
vous stimnlna, subject to tlie conti-ol of the will, during 
the natural exercise of the animal's functions — the 
cnidw suddenly emit their contents with great force, 
in a regular and prescribed manner. It must not be 
supposed, however, that the pressure spoken of is the 
immediate mechanical cause of the emission ; the con- 
tact of the glass-plates of the compressorium is never 
so absolute as to exert the least direct force upon the 
walls of tho capsule itself; but the disturbance pro- 
duced by the compression of tlie snrrounding tisanes 
excites an iiritability, which evidently resides in a 
very high degree in the interior of the cnidee; and 
the projection of the contente is the result of a vital 
force. 

"In general, the eye can scarcely, or not at ali, 
follow the lightning-like rapidity with wliich the 
chamber and its twining thread are shot forth from 
the larger end of tlie cnidw. But sometimes impedi- 
ments delay the emission, or allow it to proceed only 
in a fitful manner — a minute portion at a time ; and 
sometimes, from the resistance of friction {as against 
the glass-plate of the compressorium), tlie elongation 
of the thread proceeds evenly, but so slowly as to bo 
watched with the utmost ease; and sometimes the 
i which has reached a certain point normally, 
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i from some cause arrested, and tlie contents 
of the cell remain permanentlj fixed in a transition 
state. Thus, a long continued coniBe of piitient ob- 
Berration is pretty sure to present some fortuitous 
combinations, and abnoi-mal conditions, which greatly 
elucidate phenomena, that normally seemed to dety 
investigation. 

" lu iratcliing any particular cnida, 
the moment of its emission may be pre- 
dicted with tolerable accuracy, by the 
protrusion of a nipjde-shaped wart i'rom 
the anterior extremity. Tliis is tlie 
base of the thread. The pr'ocess of 
its protrusion is often slow and gradual, 
until it has attained a lengtli about 
equal to twice its own diameter, when 
it suddenly yields, and the contents of 
the cnida dart Ibi-th. At this instant 
I huTe, in many instances, ]teard a dis- 
tinct crack or crepitation, botli in the 
examination of tliis species and of Sa- 
gartia parasitica. 

" When fully expelled, the thread 
or wire, which is distinguished by the 
term ecthormum., is often twenty, tliirty, 
or even forty times t!ie lengtli of the 
cnida; though in some species, as in 
most of the SagaHim, it fi-equenlly will 
not exceed one-and-a-half, or two times 
osiDA OE K CP.ASBI. tile Icugth of tliB CTiida. 

"The eeiliorma wliich are discharged 
by chambered cnidm, are invariably furnished with a 
peculiar armature. The basal portion, for a length 
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equal to Uiat of the cnida, or a little more, is distinctly 
swollen, but at the point indicated it becomes (oftoii 
abruptly) attenuated, and runs on for the remainder of 
its length as an excessively slender wire of equal diam- 
eter throughout. In tlie short eothorcea of Sagartia, 
tlie attenuated portion is obBolete. 

"It is chiefly npon this ventricoee basal portion 
tliat the elaborate armatnro is seen, which is so char- 
acteristic of these remarkable organs. Tor aronnd its 
exterior wind one or more spiral thickened bands, 
varying in different species as to their number, the 
number of volutions made by each, and the angle 
■which the spiral fi)rras with the axis of the ecthm-(Bum. 
The whole spiral formed of these thickened bands, is 
termed the screw, or sirebla. 

" In the eothorwa emitted by chambered cnid<B from 
the craspeda of Tealir crassioomis, the screw is formed 
of a single band, having an inclination of 45° to the 
axis, and becoming invisible when it has made seven 
Tolntione. In those from the same organ in 8. jpara- 
silica^ we find a screw of two equidistant bands, each 
of which makes about six turns— twelve in all — having 
an inclination of 70° from the common axis. In those 
similarly placed in CyatJdna Smithii, [now under your 
observation,] the strebla is composed, as you may per- 
ceive, of three eqnidistanfc bands, each of which makes 
about ten volutions — thirty in all — with an inclination 
of about 40° from tlie axis. In every ease tlie spiral 
runs from the east towards the north, supposing the 
axis to point perpendicularly upwards. 

" Sometimes, especially after having been expelled 
for some time, the wall of the ecthormum becomes so 
attenuated as to be evanescent, while the sirebla is still 
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distinctly visible. An inexperienced ol)servei' would 
be liable, nndei- such circumstances, to suppose tliat 
the screw, when formed of a single band, as in T. eras- 
sicomis, is itself the wire ; an eiTor into which I had 
myself formerly fallen. An ei'ror of another kind I fell 
into, in supposing tiiat the ti-iple screw of the wire in 
C Smithii was a scries of overlapping plates: the 
structure of the armature is the same in all eases (with 
the variations in detail that I have just indicated) ; and 
the stnictnre is, I am now well assured, a spiral thick- 
ened band running round the wall of the ectkoroium 
on its exterior surface. I have been able when exam- 
ining such large forms as those of CoryTMctis viridis 
and Cyatkina Smithii, with a power of 750 diameters, 
to follow the com-se of the screw, as it altemately ap- 
pi'oached and receded from the eye, by altering the 
focus of the object-glass, so as to bnng each part suc- 
cessively into t!ie sphere of vision. 

" These thickened spiral bands afford an insertion 
for a series of firm bristles, which appear to have a 
broad base and to taper to a point. Their length I 
cannot determinately indicate, but I have traced it to 
an extent which considerably exceeds the diameter of 
the ecthormunh. These barbed bristles are denominated 
pUn/ffia, 

" The number of pterygm appeai-s to vaiy within 
slight limits. As well as I have been able to make 
out, there are but eight in a single volution of the one- 
banded st/rebla in T. crassicomis ; while in tlie more 
complex screws of S. parasitica, Cor. vindis, and Oy. 
Smithii, there appeared to be twelve in each volution, 

" The barbs, when they first appear, invariably pro- 
ject in a diagonal direction from the ecthorcBum ; and 
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eomctimes they maintain this posture. Bnt more com- 
monly, either in an instant, or elowly and gradually, 
they assume a reverted direction. 

" From some delicate observations made witli a vory 
good liglit, I have reason to conclude that the strebla, 
and even ih& pterygia^ are continued on the attenuated 
portion of the ecthorwum, perhaps throughout its length. 
in Oo7\ viridis and Oyathina Smitkii, I Iiave suc- 
ceeded in ti-acing them up a considerable distance. In 
the latter I saw the continuation of all these bands, 
with tlieir bristles, but what was strange, the angle of 
inclination had become nearly twice as acute as before, 
being only 23° from the axis. The appearance of tlie 
attenuate portion, as also of tlie base of the ventricose 
part, is exactly that of a three-sided wire, twisted on 
itself; the barbs projecting from the angles. 

" The next form of these organs is the Tangled 
Cnida. This foi'm is very generally distributed, and 
is mingled with the former in the various tissues. In 
the genus Sagartia, however, it is by far the rarer form, 
wliile in Actinia and Anthea it seems to be the only 
one. 

"Tho pretty little Oorynactia viridis is the best 
species that I am acquainted with for studying this 
kind of onidm. [A fragment of its craspeda I have 
liere ready for your observation, prepared exactly like 
that of O. Sinithii.'] Their figure is near that, of a per- 
fect oval, bnt a little flattened in one aspect, about 
j^^tb of an inch in tlie longer, and ^s^th in the shoi'ter 
diameter. Their size, therefore, makes them peculiarly 
suitable for observations on the structure and functions 
of these curious organs. "Within the cavity lies a 
thread {eathormtm) of great length and tenuity, coiled 
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np ill some instances with an approach to regnlai-ity, 
but much more commonly in loose contortions, liiie an 
end of thread rudely rolled into a bundle with tlie 
fingers, 

"The armature of tliis kind does not differ essen- 
tially from that already described. It is trne, I have 
detected it only in Corynactis, -where the short ectha- 
rceum of the Tangled Ouida is surronnded throughout 
its length by a barbed strSla of three bands. The barbs 
are visible, under very favourable conditions for obser- 
vation, even while the tangled wire remains enclosed 
in the cnida, but their optical expression is that of aer- 
ratures of the walls, without the least appearance of a 
screw. This, I say, is the only species in which I have 
actually seen the armature of the ecthor^um in this hind 
of cnidw, but I infer its existence 
from analogy in otlier species, where 
the conditions that eon be recognis- 
ed agree with those in this, though 
the excessive attenuation of the 
parts precludes actual observation 
of the structure in question, 

" Spiral CnidEe constitute the 
tliird form. In a few species, as 
SagarUa paradtioay Tealia crassi- 
comia, and Cerianthus memJyroMa- 
oeus, I have found very elongated 
fusiform cnidce, which seem com- 
posed of a slendercylindrical thread, 
coiled into a very close and regular 
spiral. In some cases tlie extrem- 
ities ai-e obtuse, but in others, as in T. crassico7-nis [an 
example of which I now show you] the posterior ex- 
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tremity runs off to ii finely attenuated point, the whole 
of the spire visible even to the last, the whole hearing 
no smull resemblance to a multispii-al shell ; ae one of 
the Cerithiadm or TurriteUadm. Tlie ecthormum is dis- 
charged reluctantly from tJiis form, and I liave never 
Been an example in whicli the whole had been run off. 
So excessively subtile are the walls of the cnidw, that 
it was not until after many observations that I detected 
them : in an example from T. crassicomis, which had 
discharged about halt' of the wire, I have not seen the 
slightest sign of ai'mature on the edhonBum, So far tis 
ray investigations go, these Spiral CnidEe are confined 
to the walls of the tentacles, in which, however, they 
are the dominant form." 

Snch, then, is the form and armature of these 
organs. But I have not yet done with them. The 
emission of the wire, strange to say, is a process of 
distinct evei-sion from beginning to end. The ectfwrmiim 
is not a solid, but a tubular, prolongation of the walls 
of the enida, turned-in, during its primal condition, like 
the finger of a glove drawn into tlte cavity. Of this 
fact you may convince yourself by a careful watching 
of the phenomena before yon. Many of the eclhorma 
from the tangled cnidm now under your eye run out, 
not in a direct line, but in a spiral direction. Select 
one of these, and you will perceive that each bend of 
the spire is made, and stei'eotyped, so to speak, in suc- 
c^sion, while the tips go on lengthening ; the tip only 
progrwses, the whole of the portion actually discharged 
remaining perfectly fixed ; which could not be on any 
other supposition than that of evolution. 

In the discharge of the chaniiered kind— to I'evert 
to those which we were just now examining — we saw 
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the veiitvicose basal part first appeal' ; the lower havha 
ilew out before the upper ones, and all were fully ex- 
panded before tlie atteiuiated portion began to lengthen. 
" This, again, is consistent only with the fact of tlie 
evolution of the whole. On several occasions of obser- 
vation on the chambered cnidce of Cyathina Smithii, I 
have actually seen the nnevolved portion of tlie ectJio- 
rmiin running out through the centre of tiie evolved 
ventricoee i)ortton. But perhaps the most instructive 
and convincing example of all was the following. One 
of tlie large tangled enidm of ceorynactis mrdis had 
shot about half of its wire with rapidity, when a kind 
of Iwist, or ' kinb,' occurred against the nipple of the 
cnida, whereby the process was suddenly arrested. 
The projectile force, however, continuing, caused the 
impediment to yield, and minute portions of the thread 
flew out piecemeal, by fits and starts. By turning the 
stage-screw I brought the exti-emity of the discharged 
portion into view, and saw it slowly evolving, a little 
at a time. Turning back to tlie cnida, I saw the kink 
gradually give way, and the whole of the tangled wire 
quickly flew out through the nipple. I once more 
moved the stage, following up the ecthor<mim, and 
presently found the ti'ue extremity, and a large portion 
of the wire still inverted ; slowly evolving, indeed, but 
very distinct throughout its whole course, witliin the 
walls of the evolved portion. 

" I'rom all these observations there cannot remain 
a doubt of the successive cvei-sion of the' entire ecthor- 

You ask, What is the nature of the force by which 
tlie contained thread is expelled % " That it is a potent 
force is obvious to any one who makes the suddeu 
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explosive yioleiice with which the nipple-like end of 
the cnida gives way, and tlie contents burst forth ; as 
also the exti-enie rapidity with which, ordinarily, the 
ivhole length is evolved. A curious example of tliis 
force once excited my admiration. The ecthormum 
from a onida of Corynaotis virdis was in coui-se of 
rapid evolution, when the tip came full against the 
side of another cnida already emptied. The evolution 
was momentarily arrested, but the wall of tlie empty 
capsule presently was seen to bend inward, and sud- 
denly to give way, the ecthormum forcing itself in, and 
shooting round and rouiid the interior of the enida. 

" The most careful observations have failed to reveal 
a lining membrane to the cnida. I have repeatedly 
discerned a double outline to tlie walls themselves, tlie 
optical expression of their diameter; but have never 
detected any, even the least, appearance of any tissue 
starting from the walls, as the eotJwreeum hursts out. 
My first supposition, reluctantly resigned, was, tliat 
some such lining membrane, of high contractile 
power, lessened, on irritation, the volume of the cavity, 
and forced out the wire. 

" The cnida is filled, however, with a fluid. This 
is veiy distinctly seen occupying the cavity when, from 
any impediment, such as above described, the wire 
fliee out fitfully ; waves, and similar motions, passing 
from wall to wall. Sometimes, even before any portion 
of the wire has escaped, the whole mass of tangled 
coils is seen to move irj-egulai'ly from side to side, 
within the capsule, from the operation of some intestine 
cause. The emission itself is a process of injection y 
for I have many times seen floating atoms driven for- 
cibly along tlie interior of the ecthormum^ sometimes 
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swiftly, and sometimes more deliberately. Xotliing 
that I have seen would lead me to coiiclvide that the 
wall of the cnida is ciliated. 

"I consider, tlien, that this fluid, holding oi-gaiiic 
corpuscles in suspension, is endowed with a high 
degree of expansibility ; that, in the state of repose, 
it ia in a condition of compression, by the invei-sion of 
the ectliorcmim I and that, on the excitement of a enit- 
able stimulus, it forcibly exerts its expansile power, 
distending and, consequently, projecting, the tubular 
ccthor(Bumr~~ih.Q only part of the wall that will yield 
without actnal rupture." 

It has been proved that the execution of these 
weapons is as effectual as their mechanism is elaborate. 
The wire shot witli such force penetrates to its base 
the tissues of the living animals which the Anemone 
attacks, when its barbs preclude the witlidrawal of the 
dart. But the entrance of bodies so excessively slen- 
der would of itself inflict little injury ; there is evi- 
dently the infusion at the same time of a highly subtile 
poison into the wound ; some venomous fluid escaping 
with the discharge of the ecth&rmum, which has the 
power, at least when augmented by the simultaneous 
intromission of scores, or hundreds, of the weapons, of 
suddenly arresting animal vigour and speedily de- 
stroying life, even in creatures — fislies for example — far 
higher tlian the zoophyte in the scale of organization. 
I have seen a little fish in perfect health come in 
accidental contact with one of the acontia of an irritat- 
ed Sagartia, when all the evidences of disti-ess and 
agony were instantly manifested ; the little creature 
darted wildly to and fro, turned over, sank upon the 
bottom, struggled, flurried, and was dead. 
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" Admitting the existence of a venomous fluid, 
it is difficult to imagine where it is lodged, and how it 
is injected. The first thought that oecui-s to one's 
mind is, that it ia the organic fluid which we have 
Been to fill the intenor of the cnida, and to he forced 
tlirongh tlie everting tuhular eeth(y>'<Bum. But if so, it 
cannot be ejected througli the extremity of the 
ecthorcEurn, becarrse if this were an op&ii tuhe, I do not 
BUG how the contraction of the fluid in tlie cnida conid 
force it to evolve ; the fluid would escape tlirongh tlie 
still invei'ted tube. It is just possible tliat the barbs 
may be tubes open at tlie tips, and that tlie poison-fluid 
may be ejected through these. But I rather incline to 
the hypothesis, that the cavity of the eethorcBvmi, in its 
primal inverted condition, ■while it yet r&maina coUed 
tip in the Gnida^ is occupied with the potent fluid in 
question, and that it is poured out gradually within the 
tissues of the victim, as the evolving tip of the wire 
penetrates farther and farther into tlie wound." 

I do not think that the whole range of organic ex- 
istence affords a more wonderful example than tliis of 
the minute workmanship and elaboration of the parts ; 
the extraordinary modes in which certain prescribed 
ends are attained, and the perfect adaptation of the 
contrivance to the work which it lias to do. We must 
remember that all this complexity is found in an 
animal which it is cnstomary to consider as of 
excessively simple structure. Bat the ways of God 
are past finding out. These ai'o but parts of His 
ways. 
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CHAPTER XX. 

PROTOZOA AND SP0NGE9. 



We are so accnstoined to see certain of the vital 
functions of animals performed by special organs or 
tissues, that we wonder when we find creatures which 
move wiUiout limbs, contract without muscles, respire 
without lungs Or gills, and digest without a stomach or 
intestines. But thus we are taught that tlie function is 
independent of the organ, and, as it were, prior to it ; 
though in nine hundred and ninety-nine cases out of a 
thousand it be associated with it. In truth, the simplest 
forms of animal life display very little of that division 
of labour, the minuteness of which increases as wo as- 
cend the organic scale ; the common tissue is not 
yet difi'erentiated (to use the awkward term which 
is becoming fashionable among physiologists) into 
organs, but is endowed with the power of fulfilling 
various offices, and perfomiing many functions. In all 
probability, the function is but imperfectly performed ; 
the specialization of certain tissues, and their union into 
organs, and the complexity of such combinations, 
no doubt, perform the given function in a far more 
complete degreo ; and it is the number and elaborate- 
ness of these that constitute one animal higher in the 
scale than another. The human lung is no doubt a 
more complete breathing apparatus than the entire 
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ciliated suiface of an Infusoiy, and tlie linrnan eye sees 
more perfectly than the loose aggregation of pigment 
gianules on the edge of a Mednsa. Bat tliia diversity 
IS esbential to creation, as the great and wondrous plan 
wliicli Tve see it to be ; and, mean\yhile, we may rest 
sitjcfied tliat the humble requirenaents of the lowest 
organism are met adequately by its humble en- 
dowments. 

This evening I propose to show you some of these 
humble conditions of animal life — the lowest of the 
lowly. I have here two or three phials of very i-ich 
water dipped from the fresh-water ponds in the neigh- 
bourhood. All collections of water are not equally 
productive ; and very far indeed is the popular notion 
from coiTectness, that every drop of water which we 
drink contains millions of animalcules. You may find 
many collections of clear water, springs, streams, and 
pools, from which you may examine drop after drop in 
sncceesion, with the highest powers of the microscope, 
and scai-cely discover a solitary animalcule. Again, it 
is not stagnant and fetid pools that are the richest 
in vitality ; though no doubt you will always obtain 
some forms abundantly enough in such conditions. 
According to my own experience — an experience of 
many years — the paucity or pi-ofusion of animal life in 
any given collection of water can never be determined 
beforehand ; the season, the situation, the aspect, the 
character of the oountiy, and many otlior unsuspected 
conditions, may influence the result ; which yet one 
may often give a shrewd guess at. Generally speak- 
ing, small ponds, in which a good deal of sub-aquatic 
vegetation grows— and particularly if this be of a 
minntely^divided character, such as MyriophyUmri, 
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Chara, &c., and wlioso surface is well covered with 
duckweed (Lemnd)^ yields well ; and, in collecting, it 
is desirable so to dip as that some of the line loose sedi- 
ment of the hottom may ilow into your phial, and then 
to pluck up one or more of the filamentous watei'-plants, 
and introdnce tliese into your vessel, 

Now, to examine such a collection, proceed as I am 
about to ehow you, I hastily glance with the pocket- 
lene over the foliage, and selecting such filaments as 
seem the most loaded with dirty floccose matter, I 
pluck off with pliera one or two, together with one or 
two of the cleaner ones that are higher up on the 
plant, nearer the growing point. Having laid these on 
the lower glass of the live-box, I take up with the tip 
of a fine capillary tube, or a pipette, a minute quantity 
of the water at the bottom, which flows in as you see, 
carrying a few granules of the sediment. This drop I 
discharge upon the glass of the live-box, piit on the 
cover, and place the whole on the stage of the micro- 
scope. 

Fii-st let us use a low power — one hundred diame- 
ters or so — in order to take a general glance at what 
we have got. Here is an array of life, indeed ! Motion 
arrests the eye everywhere. "The glitteiing swift and 
the flabby slow" are alike here ; clear crystal globides 
revolve giddily on their axes ; tiny points leap hither 
and thither like nimbl'e iieas ; long forms are twisting 
to and fro ; busy little creattiree are regularly quarter- 
ing the hunting-ground, gi-ubbing with an earnest de- 
votedness among the sediment, as they march up the 
stems ; here are vases with translucent bodies protrud- 
ing from the mouths ; here are beauteous bells, set at 
the end of tall threads, ever lengthening and short- 
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ening ; hero are maelstroms in miiiiataro, and tempests 
ill far less tiiaTi a teapot ; rival and interfering cnrrente 
are wliiHiog round and ronnd, and making aeries of 
concentric circles among the granules. Surely iiere ia 
material for our study. 

I see an object slowly creeping along the glass, 
wliicli will be just the tiling for our purpose. It is the 
Proteus {Airueba diffluens). Let me put on a liigliei" 
power, and submit it to your observation. 

You see a flat ai-ea of clear jelly, of very irregular 
form, with sinuosities and jutting points, like the out- 
line of some island in a map. A great number of 
minute blackieli granules and vesicles occupy the cen- 
tral part, but the edges are clear and colourless. A 
large bladder is seen near one side, which appears iilled 
with a subfile fluid. 

But while j'ou gaze on it, yon perceive that its 
form is changing ; that it is not at two successive 
moments of exactly tlie same shape. This individual, 
whicli, when you fii-st looked at it, was not unlike 
England in outline, is now, though only a few minutes 
have passed, something totally different; the projecting 
angle tliat represented Cornwall is become rounded 
atid more perpendicular; the broken corner that 
we might have called Kent lia^ formed two little 
points, up in tlie position of Lincolnshire; the large 
bladder which was in the place of the Eastern counties 
ia moved up to tlie Durham coast, and is, moreover, 
greatly diminished; and other like changes have taken 
place in otlier parts, 

Lo ! even while speaking of these alterations, they 
have been proceeding, so that another and a totally 
diverse outline is now presented. A great excava- 
X9 
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tioii takes the place of Dorset; Kent is immensely 
prolonged ; the bladder has quite disappeared, &c. ; 
but it is impossible to follow these changes, which 
are ever going on without a moment's intermission, 
and without the slightest recognisable rule or order. 




The projections are obliterated or exaggerated ; the 
sinuosities are smoothed, or deepened into gulfs, or 
protruded into promontories ; firths form here, capes 
tliere ; not by starts, bnt evenly, and with suiHcient 
rapidity to be appreciable to the eye while under 
actual observation ; though the alterations are more 
Btrikingif you talve your eye off the object for a few 
seconds, and then look again ; and still more so, if yon 
try to fiketch the outline. Individuals vary greatly in 
dimensions ; this specimen is abont one hundred and 
twentieth of an inch in long diameter, hut others I have 
seen not more than one-tenth as large as this, and some, 
twice as large. 

Disregarding now this peculiarity of change of 
form, -which has procured for it the name of the old 
vei-satile sea-god tliat was so difficult to bind, we will 
concentrate our attention on some other points not less 
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Interesting. That great bladder undergoes changes 
besides those gradual altevations of place which are 
dependent on tlie general form. It slowly but mani- 
festly increases in size np to a certain extent, when 
it rather suddenly diminishes to a point, and im- 
mediately begins to fill again, as slowly aa before, 
Tliese alterations go on with some regularity, and 
we cannot ohserve them without becoming convinced 
tliat it is a process of iilling and emptying; that the 
bladder gi-adually fills with a fluid which is either 
secreted by its walls or percolates into it from the sur- 
rounding tissue ; which fluid, when full, the bladder 
discharges by a sudden contraction of its outline. 
But whither the fluid goes it is difficult to determine ; 
I have never been able, in this or in any other instance 
of its occuwence — though this contractile bladder is 
characteristic of the extensive classes Infusoria and 
Sotifera — to see any issue of fluid from the body 
at the moment of contraction, and therefore conclude 
tliat it is discharged into the body, perhaps back again 
into the tissues whence it was taken up, and whence it 
ia about to be collected again. Hence, it is probably 
the first obscure rudiment of a, circulation ; the fluids 
impregnated with the products of digestion being thus 
collected and then diffused throughout the soft and 
yielding tissues. 

The smaller' bladder-like spaces that you see in 
considerable numbers in the substance of the animal, 
are collections of fluid contained in excavations of 
that substance, which are called vacuoles, difiering 
from vesicles, inasmuch as tliey seem to have no 
proper wall or inclosing membrane, but to be merely 
casual separations of the common substance, such as 
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would Ids made by drops of water in oil. These 
vacuoles appear to be connected with the digestive 
function ; for veiy many of them are not clear, bnt are 
occupied witli granules more or less opaque, and of 
exceedingly various dimensions. That these collec- 
tions of granules are food, you will see by tins ex- 
periment. 

I mingle a little carmine with the water, just 
enough to impart a visible tinge to it, and close the 
live-box again. Already you perceive that some of 
the tiny globules are become turbid and red, and that 
their opacity and colour are deepening perceptibly. 
We see by this that the particles of carmine liave been 
taken into the jelly-like sarcode, and are accumulating 
in little pellets surrounded by fluid, in these casual 
hollows of its substance. T!ie process is rendered still 
more obvious wlien, as is often the case, some Dlato- 
Tnacean, with a hard siliceous shell, becomes the food 
of the ATntjeba. The apparently helpless jelly spreads 
itself over the organism, so as soon to envelope it ; the 
flesh, wliich having no skin can unite with itself 
wherever the parts come into contact, closes over the 
Diatom, which is thus brought into the midst of the 
sarcode, a vacnole being new-made for its reception. 
Tliis, then, performs the part of a temporary stomach, 
the digestible portions of the prey are extracted, and 
then tlie insoluble shell of flint is, as ifwere, gradually 
squeezed to some part of the exterior, and gradually 
forced out, the vacnole disappearing with it, or per- 
haps retaining, a minute portion of the fluid, and 
thus perpetuating itself for a while. This is the earliest 
condition in which the process of digestion can be 
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Another genus eomewhafc similar is Arcella, but it 
diifera ia being furniehed with a more or less rounded 
eliell (lorica), lite a little box. In examining the mat- 
ters that adhere to the sterna of Duckweed, aud other 
watei" plants, we frequently obsei've little circular 
bodies of a yellowish or reddish brown colour, some 
much darker than othei-s, but all having a central 
round spot paler than the rest. On first examination 
they aeeni inert and dead, but if we closely watch one, 
we perceive that it ia endowed with the power of mo- 
tion ; and we directly discern thrnst out from its edge, 
vanable processes, in the form of arms, of clear, per- 
fectly colourless, and most delicate jelly, sometimes 
pointed, sometimes bbmt, which slowly change their 
form and position. By the aid of these, a feeble and 
ii-regular motion ia given to the box, which is some- 
times turned partly over; when we perceive that its 
under-side is flat or probably concave, and that its out- 
line ia cut into facets. The lorica is somewhat flexible, 
for the edges at two opposite points are sometimea bent 
down towards each other, so as to give the creature the 
form of a crescent. The internal viscera are dimly 
discernible through the coloured lorica, and resemble 
those of Anic^a. A dark oval ring is commonly seen 
at one side, which is probably the outline of the 
contractile bladder. It may, in fact, be considered as 
an Amceia, whose external surface has tlie power of 
secreting a symmetrical shell of horny, or ehitinous 
substance. The loriea is about jjjth of an inch in 
diameter. This species is named Arcella vulgaris. 

Laying aside our live-box with its contents for 
Iho present, we will liave recourse to the tank of 
sea-water for one or two other objects of interme- 
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diate interest. On tlie green and brown mossy sea 
weed which covera the j-ocks on the bottom, yon 
see many white specks clinging to the filaments ; and 
tliere are several adhering to the sides of the tank. 
These are little living shelled animals of the class 
ForamAnifera, and tliese which yon see include several 
species. By bringing your eye assisted by the lens to 
bear upon one of these latter, yon perceive that it is a 
little discoid spiral shell, of very elegant form, marked 
with curved diverging grooves. This is the pretty 
little Polystomella crispa, a fair sample of its class, 
and thongh not more than ■j'gtli of. an inch in diameter, 
it is a giant compared with the Areella. 

Tliere is more however than the shell to be seen ; 
thongh so filmy and shadowy that I wonder not at yonr 
overlooking it. Extending from two opposite aides of 
t!ie shell to a distance each way eonsideralily exceed- 
ing its diameter, yoii discern line threads of clear jelly, 
running out in long points. The power you employ is 
not sufficient to enable you to resolve their detail : and 
for tliis, I will try to secure a specimen for the micro- 
scope. 

In this other live-box, tlieu, I inclose one of the 
white specks from the moss-like clothing of the stones. 
It ia, I sec, of another species, namely, PolyTnorphi'rte 
oblong, but it will answer our purpose equally well. 

At present we see only the shell, the removal of 
the animal having induced it in alarm to withdraw the 
whole of its softer parts within the protection of its 
castle. We must have a few minutes' patience. 

Now look again. Trom the sides of the opaque 
shell we see protruding tiny points of the clear sarcode ; 
these gradually and slowly — so gradually and slowly 
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that the eye cannot recognise the process of extension 
— stretch and extend their lines and films of delicate 
jelly, till at length they have stretched right across tlie 
field of view. The extension is principally in two 
opposite directions corresponding to the long axis of 
the shell ; though the branched and Tarionsly con- 
nected films often diverge considerably to either 
side of these lines, giving to the ■whole a more or less 
fan-shaped figure. 

These films are as iiTegular in their forms and sizes 
as the expansion of the sarcode of Anueba, with which 
they have the closest affinity. Their only peculiarity 
is their tendency to run out into long ribbons or at- 
tenuated threads, which however coalesce and unite 
whenever they come into raiitua! contact, and thus we 
see the threads branching and anastomosing with the 
utmost irregularity, usually with broad triangular films 
at the points of divergence and union. 

There can be no doubt that the object of these 
lengthened films, which are termed pseudopodia, is 
the capture of prey or food of some kind ; perhaps 
the more sluggish forms of minute animalcules, or 
the simpler plants. These the films of sareode probably 
entangle, surround, and drag into the chambere 
of the shell, digesting their softer parts in temporary 
vacuoles, and then casting out the more solid remains, 
just as the Amceba does. 

Though this beautiful ai'ray was so very delibe- 
rately put forth, it is, as you perceive, veiy rapidly 
withdrawn on any disturbance to the animal, as when 
we agitato the water, by slightly moving or turning the 
cover of the live-box. Another fact, of which you may 
convince youreelf, by watching manifest though small 
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changes of position in tho shell while under obscr- 
vatioii, is, that it is by means of the adhesion and eon- 
traction of the pseudopodia that the animal drags itself 
along a fixed surface. This it can effect so assiduously, 
that I frequently find them in the morning adhei'ing to 
the tank-sides three or four inches from the bottom, 
though on the previons evening none were visible 
on the glass. Thus tliey must craw!, on occasion, from 
a hundred to a hundred and fifty times their own 
diameter in a night. 

The structure of a Sponge is much the same as that 
of these animals, with the exception that its solid part 
or skeleton is not a continuous covei-ing by which the 
sarcole is invested, but consists of fibres or points 
or rods of varying form, which are clothed with 
the sarcode. Tliis loose sort of skeleton may be of 
horny or chitinons matter, like that of Arcella, or 
calcareous, like that of the Foraminifera, or it may 
be siliceous — that is, composed of fiint {sileie). 

In some cases, as in the common Tnrkey Sponge, 
the horny skeleton consists of a network of solid but 
slender fibres, very tough and elastic, which branch 
and anastomose in every direction, at very short inter- 
vals, as you may see by looking at this atom, which I 
cut off from a dressing sponge. 

In the lime and flint Sponges, however, the con- 
tinuity and cohesion of the skeleton does not depend 
upon the organic union of tlie constituent parts, as it 
does in the loose and open network of the Turkey 
sponge. For it is made up of an immense multitude 
of glassy needles, all separate and independent, between 
themselves, yet so contrived tliat they do hold together 
very firmly, and in a great number of cases are arranged 
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on a pi-eseribecl plan, so as to give ii certain form and 
outline to tlie aggi-egate. 

If you have over shaken up a box of dressing-pins, 
nnd have then endeavoured to take one ont, yon know 
liow by their mere interlacement they adhere together 
in a mass, SO that by taking hold of one you may lift a 
bristling group of scores. Somewhat on the same prin- 
ciple are tlie calcareous and siliceous pins {spiGula) of a 
Sponge lield together by mutnal interlacement. Yet 
tlieir cohesion is aided by the tenacity of the living 
sarcode which invests them; for I have found that speci- 
mens of Graidia (calcareous Sponges with needles of 
three rays), when long macerated in water, bo that the 
sarcode is dissolved, have very alight power of cohesion 
among tlieir spicula. 

To understand the structure of a Sponge we will 
shave a thin sectional slice from this ffaliekondria su- 
ierea. This when alive is of an orange colour ; and is 
always found closely investing turbinate shells which 
are inhabited by Hermit-crabs. "We will macerate the 
slice in tepid water for a quarter of an hour, and then 
examine it in the live-box. 

The surface is a thin layer of greater density tlian 
any other part, and is composed of coloured fleshy gran- 
ules — omitting for the present, the skeleton. Of the 
same substance is tlie whole slice composed, but looser 
and more open as it recedes from the surface. Ifc is 
separated by blank spaces which are larger towards the 
centre, smaller and more numerous as tliey approach 
the exterior. 

These openings are sections of so many canals, by 
which the whole substance of- a sponge is permeated. 
The surface is perforated with minute pores, at which 
19* 
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tlie eniTonnding water enters on all sides. Tliese pres- 
ently uiiito into slender pipes, ■which, irregularly mean- 
dering, are continimliy uniting into larger and yet larger 
canals ; of which the greater open spaces that you see 
are the obliqne divisions. These have certain outlets, 
called ostnda, on the surface, frotn which the stream is 
poured oat tliat has thuo made the grand tour of the 




whole interior. Such osciila, as yoa perceive on. the 
I'emainder of the J-Jalidiondria, are usually raised on 
slight eminences ; and resemble, especially when in 
living action, miniature volcanoes, vomiting torrents of 
water and granules of effete matter, instead of fire and 
ashes. 

During life tliese granules were much more diffused, 
and formed a considerable portion of the living flesh, 
the remainder being composed of a glairy sarcode, al- 
most fluid. Tlic whole was maintained in position by 
the solid epicula of flint, which you see abundantly in 
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this elice. These take a curious form, exactly that of 
the pins which we nao on our dressing tables ; each 
coiisJatiDg of a cylindrical slender rod, pointed at one 
end, and at the other surmounted by a globular head, 
the whole formed of glass— Jlint glass literally. You 
see them bristling all round the edge of the section, 
being stuck into tho surface of the sponge, exactly as 
pins are loosely stuck into a pin-cushion. The heads 
and points, too, project into the cavities; more, how- 
ever, tlian tliey did dui-ing life, for you must make al- 
lowance for the shi'inking of the soft parts ; and thus 
you perceive how the whole structure is permeated by 
these glassy piDB, which seem to bo entangled togetlier 
quite at random without rale or arrangement. And yet 
tiiere is an arrangement discernible here ; for the canals 
are formed by the manner in which these are grouped ; 
and this is seen much more clearly, in the case of the 
three-rayed needles of lirae in the Grantim. Mr. Bow- 
erbaiik has shown that in G. eompressa the substance is 
divided into very regular chambere in a double series, 
sepai'ated by a diaphragm, whose axis is at right an- 
gles to the axis of the sponge ; and that these chambere 
are defined by walls made up of the three-ra; 
in their mutual interlacement. 
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CHAPTER XXT. 



liEysifoss a nos 7noitfons. We will resume our ex- 
amination of the dt'op of pond-water, and the fragments 
of Myriophylki'm, which have been waiting for na in the 
live-box. 

Our attention then shall firet be given to some ele- 
gant creatoi'es of a brilliant translucent green hue, 
which are gracefully gliding about. They are of the 
genna Euglena^ ao called because each is furnished 
with a very conspicnoas spot of a clear red hue, situated 
near the head, which Ehrenberg, on account of its re- 
semblance to the lowest forma of eyes in the Rotifera, 
that are somewhat similar in colour and appearance, 
pronounced to be an organ of vision. More recent 
pbyaiologiats, however, doubt the correc^tness of the con- 
clasion. 

The animale are of several kinds. The most nu- 
merous is an active little thing of about ^i^th of an inch 
in length when extended, though from its extreme ver- 
satility it is as difficult to aaaign to it a definite size, as 
a definite shape. It seema to be the E. sanguinea, so 
called because .it ia said to occur sometimes of a deep 
red hue, and in such vast profusion, as to give the 
waters the appearance of blood, I have never seen it, 
however, otiier than as it now appears, rich emerald 
green ia the body, with th6 two extremitiea perfectly 
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clear and colourlesa. I might perhaps describe its 
ordinary form as spindle-shaped, with a pointed tail, 
and a hlimt, rounded head ; hut it is remarkable for the 
variableness of its shape. It is capable of assnming an 
appearance very diverse from what it had half a minute 
before, so that you would hardly identify it, if you 
were not wateliing its evolutions. Whether this ability 
to prove an alias be at all dependent on the remarkable 
clear-Tieadedness of the subject, I leave for you who are 
skilled in metaphysics to determine. Away they go 
tumbling over and over, revolving on the long axis as 
they proceed, which tliey do not very rapidly, with the 
blunt extremity forward. 

Here is another form, a little larger than the former, 
but much, more slender; yet from the slowness and 
steadiness of its movement more easy of observation. It 
ia named E. acus-, or " tiie I^eedle Englena." This is 
an animalcule of gi-eat elegance and brilliance ; its 
sparkling green hne, with colourless extremities, and its 
rich pale crimson eye, are very beantiful. It commonly 
swims extended, witli a slow gliding motion, turning 
round on its long axis as it proceeds, as may be distinctly 
seen by the rotation of cei'tain clear oblong substances 
in its body. These then are seen not in the interior, 
but near the surface, as they would appear if imbedded 
in the flesh aronnd a hollow centre. The interior is 
probably not hollow, but occupied with pellucid sarcode. 
These were assumed by Ehrenberg, but on no adequate 
grounds, to be organs connected with reproduction. 
They vary in number in different individuals, and 
those which contain the greatest number are thereby 
more swollen. They appear to be separated into two 
series, one anterior, the other posterior. The animal is 
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capable of bending its head and body in vaiious direc- 
tions, but is most beautiful when straiglit. The front 
is furnished with a slender thread-like proboscis. Tiiie 
species aifords us a good opportnnity of observing the 
red spot which, for convenience sake, we may still 
term an eye. It seems to be an irregular oblong 
vacuole, or excavation in the sarcode, lilled with a 
clear ruby-red fluid. The red spot in tJie Rotifera is 
connected with a well-defined crystalline lens, whose 
definite form, and high refractive power, may in many 
cases be distinctly marked ; bnt here nothing of the 
kind is seen ; the spot itself has no certain shape, and 
does not appear to be bounded by a proper wait. Some 
forms, which are by general consent admitted to bo 
plants, have similar spots ; and hence it has been, 
rather too hastily, I venture to think, concluded, that 
they can have no connexion with vision. I think it 
still possible, that a sensibility to the difference between 
light and darkness may be the function of the organ. 

I have found that this animal, when allowed to dry 
on a plate of glass, retains its form and colour perfectly ; 
but in about two days the eye-spot, wliich at first be- 
comes much larger in the drying, gradnally loses all 
traces of its brilliant colour, probably by the evapora- 
tion of the contained fluid. 

Another pretty species you see gliding along amongst 
tlie rest, called E. triquetra, or the Tliree-sided. It 
beare a resemblance to a broad rounded leaf, with the 
footstalk forming a short transparent point, and the 
mid-rib elevated into a sharp ridge. The under side 
seems slightly concave. This is equally attractive with 
the othere. It is pei-sistent in form, and appeare not to 
be even flexible. Its motion is slow, and as it goes. 
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it rolls irregularly over and over in all direcfione, not 
revolving on its long axis, and tlius giving you very 
sattefactory views — thongh only 
momentary — of the keel with 
■which the back is fcrnished. It 
is in the turnings of such minute 
creatures that the microscopist 
often gets a glimpse of peculiaii- 
tiee of form, which a view of the 
animal when in repose, however 
long continned, fails to reveal. Longitudinal inteiTUpted 
lines are seen running down the body of tliis pretty leaf, 
which do not appear to mark irregularities of the sur- 
face, and therefore ai'e probably internal. Ehrenberg 
calls these and similar collections of granules " ova," 
or eggs ; but this is to cut the knot, instead of untying 
it. There is no sufficient reason to believe that these 
animals increase by ova. 

About the front of all these Euglenw, yon may 
discei'n now and then a slight flickering or quivering 
in the water. The power we are using, tliough best 
for tlie general display of the form, is insufficient to 
resolve this appearance : I will put on a higher objec- 
tive. Tou now, see that there proceeds from the frontal 
part of the body, along and very slender filament, which 
is whisked about in the manner of a whip-lash. This 
is considered to be the organ of locomotion ; but I 
rather doubt that such is the function ; the smooth and 
even gliding, often rotating, of the creature, seoms more 
like that produced by minute and generally distributed 
cilise, thai! that caused by tho lashings of a single long 
thread. 

Yet two more species of this extensive genus we 
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discern in tliis well-stocked drop of water. Tliey liava 
received the appellations of the Pear {E. pyruni), and 
the Sloth (E deses). The former is the most minute 
we have yet seen, and seema to be scarce ; but it is 
highly carious and interesting in appearance. It much 
resembles, in outline, a fish of the genus Salistes ; the 
muzzle being eomewliafc protruded and tmncate, and the 
form rhomboidal; it terminates in a slender pointed 
tail. The body is obliquely fluted, which gives a very 
singular effect; for from the transparency of the tissues 
the lines of the opposite side can be discerned crossing 
those next the eye, and dividing the animal into lozenge- 
shaped ai'eas. The colour is sparkling green, bat tiie 
tail and the edges of the body are clear and colourless : 
and there is a bright I'ed eye. At other times this 
Euglena takes the form of a claret-bottle, or an oil-flask ; 
the muzzle being broadly truncate, or even indented. 

Its motion is rapid ; a swift gliding in the direction 
of its long axis ; it turns continually on tlie same axis, 
■which gives a waving irregularity to its conree ; and 
has a pretty effect from tlie continual crossing of tlie 
flutings in the revolving. This specimen is about ^^^i\\ 
of an inch in lengtli, including the tail. 

EugUna deses is much larger, being about aTntli of 
an inch in length, though tlie tail is very short. It has a 
thick body ; with around blunt head ; ittapers suddenly 
to the tail. Its colour is bright green with a red eye ; 
but the presence of an infinite number of irregular 
oblong granules and lines, with several globular vesi- 
cles, gives an opacity and a blackness to its appearance. 
In its manners it is sluggish ; it never swims, or glides 
gracefully and swiftly among its playful congeners, but 
contents itself with twining slowly among the flocose 
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stems and filaments of the water-plants, or crawls upoii 
t!ie surface of the live-box. It does not appear to 
change its form, otJierwisQ than its soft and flexible 
body necessitates, as it twines about. 

But enough of the Euglenm. For I have jnst caught 
sight of a stiil more curious creature, the Swan Ani- 
malcule (Tracheloeerea olor). It is reposing on one 
of the leaves of the Myriophylhim, its long and flexible 
neck lengthening and contracting at pleasure, the tip 
thrown about in quick jerka, in every direction, some- 
what like a caterpillar when it touches several points 
impatiently with its head. 

If we admire the graceful sailing of a swan upon a 
lake, the swelling of its rounded bosom, the elegant 
cni'vcs of its long neck, we shall be struck with tlie 
form and motion of this animah The form has nnich 
resemblance to that of a swan, or stilt more to that of a 
snake-bird {Plotus) ; the body, swelling in the middle, 
tapers gradually into a slender pointed tail, at one ex- 
tremity, and at the other, into a very long and' equally 
slender neck, which is terminated by a slight dilitation. 
Tlie whole is perfectly transparent, but tiie body is 
filled with numerous minute globular vessels, or tempo- 
rary stomachs. The grace of its motion as it glides 
along with a free and moderately swift progression 
tliro\igh the clear water, or winds through the intricate 
passages of the green conferva, throwing its long neck 
into elegant ciirvefl, is very remai'kabie. There are, I 
see, two of them, which however take no notice of each 
other, even when passing close to each other ; the neck 
of one is much longer than that of the other. !N"ow 
and then, when gliding along, the neck is suddenly 
conti-acted, but not wholly, as if sometliinghadaiai'med 
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or displeased the animal : the body also can be awollen 
or lengthened at pleasure ; it can move in either di- 
rection, but the neck usually goes foremost, extended 
in the direction of the motion, and seema to be used to 
explore the way. 

I had once an opportunity of seeing the process of 
increase by spontaneous self-division in this creature. 
It was an nnusually large specimen, found in an old in- 
fusion of sage leaves. When I discovered it, it was 
darting about its long neck in the most beautiful con- 
tortions. Aa it was partly liidden by the vegetable 
fibres present, I partly turned the glass cover to alter 
tlie positiou of the contents. On again looking, the 
Swan was in a clear part of the field, but in the form 
of a dark globose mass, the neck being entirely con- 
b'acted. It was quite still, except a continual slight 
alteration of the form by the protrusion or contraction 
of parts of the outline. The body seemed full of minute 
globules, set in a gi'anuhir mass of a blackish hixe. and 




the outline was not a continuous line, but formed a multi- 
tude of rounded elevations. Presently it protnided tlie 
clear neck, but only for a short distance, and then re- 
tracted it as before ; when the only indication of the 
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presence of this oi-gan was a depression in one part of 
tlio surface, somewliat like the moutii of a closed Acti- 
nia, where there was a slight but incessant working, 
very much like the irregular motion on the surface of 
boiling water, in miniature ; there was also an indistinct 
ciliary action at tliis part, not of rotation, nor of vibra- 
tion, bnt a sort of waving. At this point I had occasion 
to get up from the table, and thongb I was not away 
more than a minute, on my i-etum I observed a strong 
constriction around the middle of the body. It was 
transverse, for the depressed and ciliated mouth was at 
a point exactly at right angles to tlie constriction. 
From the depth to which this latter extended in so few 
minutes, I supposed the process of separation would be 
very rapid ; for 1 could very soon see a line of light all 
across at intervals, and the two halves seemed to slide 
freely on each other. Yet they i-emained long without 
much apparent progress, or even change, except that 
the anterior half at one time threw i'ortli its neck a 
short distance ; at this time it looked extremely like a 
bird, bridling up its lithe neck and swelling bosom ; 
while to make the resemblance perfect, it began to 
imitate tlic action of a fowl picking up grain, bobbing 
its head hither and thither; so curious are the analogies 
of nature 1 Along the dividing line, there had appeared 
very early in the posterior half,adistinctciliary action; 
after a while (how, I do not exactly know) without the 
general relation of position being changed, the mouth 
of the anterior (which must now be called the old) 
animal appeared on the side, and at the point corres- 
pondent in the other, a similar ciliary wreath appeared, 
while the action along the dividing line was no longer 
seen. So that the division which was at first transverse 
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now appeared loiigitndiiiLil. I believe, liowevor, the 
animals were really separated before this, thoiigb tbey 
remained in contact, for as tliey slid over each otlier, it 
was manifest that each had an independent action. 

At length, about an hour and a half after the fii'st 
appearance of the constriction, the new animal threw 
out its clear neck to a great length, writhing it about 
with rapid agility, and forming the most elegant 
curves, like those of a serpenf, often completely encir- 
cling its own body with it. It still remained, however, 
in contact with itB parent, which, after a time, also 
protruded its neck in tlie same manner. Both then 
retracted and remained still for a while; and again, 
almost ftimultaneously, threw out their long necks, and 
again retired to sluggish repose. 

Among the eeditnent, the grains of which are 
driven hither and thither by their spasmodic jerking 
movements, you see several individuals of another sort 
of creatures — the Chrysalis Animalcule {Param<soiiiin 
aureUa,.) This is a " whale among minnows ; " for it 
is greatly larger tlian any of those we have yet ob- 
served ; and is just visible to the naked eye, when we 
hold up the live-box oblicLuely against tlie light ; for 
then the animals appear as the smallest possible white 
specks. 

Bringing them again under the inicroscope, each 
presents a pellucid appearance, and an oblong figure, 
of which the fore part is somewhat narrowed. The 
back rises in a rounded elevation; and the mouth is 
situated as far back as the middle of the body njjoii 
the under surface, where its position is marked by a 
sort of long fold, the sides of which are fringed with 
long cilia, whose vibrations are very marked. The 
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■whole surface, on botli eidcs, is covered with minute 
cilia, arranged in longitudinal rows, of which, accord- 
ing to the great Pnisaian professor, there are from 
thirty to sixty on each surface, each row bearing sixty 
or seventy cilia. This must be considered as an ap- 
proximation ; for we may well donbt the accuracy of 
tlie counting, when the objects are so very evanescent 
as these vibrating cilia. 

Tlie vacuoles, and the temporary stomachs, mors 
or less completely filled with the brown and green 
food, which . the animals arc collecting from tJic de- 
cayed vegetable mattere, are sufficiently numerous and 
conspicuous; but they may be rendered etill more so 
by the device of mixing a little carmine with tlie 
water. The ciliary currents are thus instantaneously 
I'cndered strikingly visible. The crimson atoms are 
attracted from all quarter towards the tail of the ani- 
mal, whence they ai'e iirged in a rapid stream along 
one side towai-ds the head, around which they are 
hurled, and then down the other side to the tail, pour- 
ing off in a dense cloud in a direction contrary to that 
in which they originally approached. 

But now the gathered cun-ents have produced their 
expected result ; for many of the globulai- vacuoles are 
already become of a beautiful rosy line, from the mi- 
nute particles of the pigment which have been whirled 
to the mouth, and swallowed. 

The feature of gi-eatest interest, however, in this 
animal is tlie contractile bladder. Two of these organs 
are usually seen co-oxiatent in each individnal; placed, 
the one on the front, the other in the rear of the mouth, 
but near the opposite—*, e. the dorsal, surface of the 
body ; for as the creature slowly revolves on its longi- 
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tudinal axis, the line of the vesicles alternately ap- 
proaches and recedes from that of the mouth. They 
Rre remai'kable for their structure. Far from the sim- 
plicity in which the organ is usually presented to ua in 
the animals of this class, tlie contractile bladdei-s are 
here very complex. Each when distended is globular; 




and it is surrounded by a number of others of much 
smaller dimensions, and of a drop-like form, so sot as 
to radiate round the principal vesicle as a centre, the 
i-oundcd portion of each in apparent contact with the 
vesicle ; and the slender extremity running off as an 
attenuated point till lost to sight in the sarcode. The 
main vesicles alternately become distended, and sud- 
denly contract to a point; while tlie radiating cells aro 
continually varying in size, though in a less degree. 
It is customary to describe the secondary vesicles sis 
coming into view at the instant of the contraction of 
the primary one, and to suppose tiiat the emptying of 
the one is tho filling of the other ; but I have not been 
ahle to observe this mutual relation satisfactorily made 
out. The smaller as well as the larger vesicles are 
conspicuous from tlieir colourless transpai'ency ; for 
the general sarcode of the body, though pellucid, is 
only so in the same degree as glass, slightly smoked; 
besides that its clearness is often impaired by crowds 
of granules and minute globules. 
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You ask what is that comparatively largo oval body 
attached by its side to one of the leaves of the plant. 
It is the egg of some considerable Eotifer, probably 
Euchlanis, which is always glued to some filament or 
stem of a water-plant. It may interest you to watch 
the progress of the contained embiyo, which you caix 
readily do, since the egg-shell is as transparent as glass, 
and the infant animal already displays the movements 
of independent life. Meanwhile I will tell you Uie 
tragical and lamentable history of just such an embryo 
as tJiis, that was eaten up before it was born, under my 
own eye. One of the depredatoi-s was a very amusing 
animalcule, which is sufficiently scarce to make its oc- 
currence a tiling of interest, especially to a young mi- 
eroscopist, as I was at the time, 

A large egg of (as I believe) MucJilanis dilatata had 
been laid during the night on a leif of WiUUa in the 
live- box. When I oh 
served it, the transpa 
rency of the ehcll allow 
ed the enclosed animal 
to be seen witli its vib 
cera; which occasionally 
contracted and expand- 
ed ; the place of the inas- 
tase I could distinctly 
make out. The cilia 
wei'6 vibrating, not very cole™ ahd chilomonab, 

rapidly, but constantly, on the front, where there was 
a vacant space between the animal and the shell. 
From 7 A. M., when I first saw it, I watched it for about 
eight hours, without perceiving any change ; biit at 
that hour, having withdrawn for a short time, I per- 
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ceiverl on my reUirn tliat a portion o!' tlie animal was 
outside the shell. The appearance was tliat of a small 
coloui'less bladder oozing out, at an imperceptible 
aperture; and this oval vesicle qiiickly but gradually 
increased, imtil it was half as large as the egg itself. 
A littlu earlier than this point, the cilia were seen on 
the front or lower side of the excluded portion, and 
these began to wave languidly in a hooked form. They 
thus seemed much longer and more snbstanlial than 
when rotating in the perfect animal. When excluded 
to the extent just named, some little creatures that 
were flitting about found it, and began to assemble 
round it. These wore far too rapid in their movements 
to aUow me to identify tiiem before, or to perceive any 
thing else than their swift motion and oval form ; but 
this attraction causing them to become still, allowed 
me to perceive their singular and beautiful stnieture. 
Each consists of an oval vase open at the top, the 
margin of which is cut into a number of little points ; 
the sides are marked by a series of ribs, which run 
down longitudinally, and are crossed by other trans- 
verse ones ; the rounded bottom is fnrnislied with 
three short points ; so that the whole reminded me of 
a barrel with its staves and hoops, set on a three- 
legged stool. Within the body, which is colourless, 
are seen small dark spots, which are probably the 
stomach- vacuoles. Thus I identified these little bar- 
rels with Colics hirtus of Ehrenberg, but I found no 
record of their carnivorous propensities. One ai^er 
another whirled into the field, and after a few gyra- 
tions became stationary at the head of the half-born 
EucJdams, just as I have seen vultures gather one by 
one to a carcase. Very soon tliere were a dozen or 
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fifteen of them, some of whicli weve ever shifting their 
places, and some were playing around, or revolving 
on their longitudinal axis. I found that their object 
really was to prey on tlie soft parts of the ci'eature 
just exclnded from the egg; for by carefully watching 
one, I distinctly perceived particles of the flesli fly off, 
as it were, and disappear in tlio body of the Cdleps. 
The appearance was that of steel-filinge drawn to a 
magnet, for the mouth of the Goleps was not in actual 
contact with the flesh ; and therefore, I suppose, the 
surface ]iaving been in some way ruptured (which I 
could see it was), the loose gelatinous atoms were 
sucked off by a strong ciliary current. They did not 
attack any other part, and after having continued their 
murderous occupation about ten minutes, tliey one by 
one departed. The ciliary motion of tlie Euchlanis 
ceased immediately after it was fii-st attacked, and I 
suppose it was soon killed, for it did not increase in 
size in the least afterwards. When the Cole^es left it, 
a great portion, perhaps a third, of the exclnded parts, 
was devoured. 

As soon as the depredators were gone, or even 
before, othere more diminutive, but more numerous, 
were ready to take their place. The drop of water 
under review had been found amazingly full of a small 
Monas, perfectly transparent, of an oval form, with 
some gi'anules visible in the interior. They were about 
TrsVr7th of an inch in length. They filled the whole 
^eld, gliding about very nimbly, but so close as but 
just to allow space for motion, and that in several 
strata. By the morning these were collected in masses, 
wJiich, to the naked eye, looked like little undefined 
white clouds, but which under the microscope showed 
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tlio Monads in incalculable multitudes, but for tlio 
most part in still repose. Some were still moving to 
and fro, however, and, in the couree of the day, most 
of them became again active. As soon as the Colefes 
had forsaken their prey, the Monads began to gather 
ai-ound it, cleaving to the same parts, and apparently 
imbibing the juices ; for the extruded parts still slowly 
decreased, until at length these were reduced to about 
one-third of their original dimensions, 

A close examination of these latter, when they had 
settled to rest, showed me that they were of the spceies 
Chilomonas ^paTtmicBoium, Tliero is an indentation on 
one side of the front, where the mouth is situated ; 
here tliere is a ciliaiy action ; the projecting part, 
called the ?-i^, is said to be furnished with two slender 
flexible prohoscides; but my power was not siifficient 
to discern any trace of these. A sort of a ridgo, or 
keel, iiins down the length of tlie body, perceptible by 
a slight line ; numbers of stomach cells also are per- 
ceptible. Tlie motion of these lip-monads was not 
very rapid when unexcited ; it is performed by a sort 
of lateral half-roll, the two sides alternately being 
turned up, like a boat broadside to a swell, and the 
line of progression is undulating. 

And now having pretty well exhausted the con- 
tents of this live-box, let us try a dip from this other 
phial from another locaHty, equally productive, if I am 
not mistaken. Yes ; for, to begin, the stalks of Witella 
here are fi'inged with populous colonies of the most 
attractive of all the Infusoria, tlie beautiful Y&rtlcellcB. 
The species is not the common bell-shaped one, but 
the smaller with pursed mouth, the little V. micros- 
toma. 
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Look at this active group, consisting of a dozen or 
60 of glaasy vases, shaped something like pears, or ele- 
gant antiq^ne urns, elevated on the extremities of long 
and very slender stalks, as slender as threads, and 
abont six times as long as the vases. The stalks gi^ow 
from the midst of the floccose nibbish attached to the 
plant, and diverge as they ascend, thus carrying their 
lovely bells clear of one another. 

Each vase is elegantly ventiieose in the middle, 
tenninating below in a kind of nipple to which the 
stalk is attached, and above in a short witle neck witli 




a thickened rira. This last is highly sensitive and con- 
tractile ; its inner edge is set round with a circle of 
vibratile cilia, which, when in full play, produce a 
pair of small circular vortices over two opposite points 
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of tlie brim. The cilia tliemselves cannot "be distin- 
guislied, but tlieir optical expression is curious. At 
the two opposite points of tho circular margin, aa seen 
in perspective when slightly inclined towards the ot- 
Berver, viz., at those points where the cilia, from their 
position TOith regai"d to the eye, would be crowded to- 
gether, there are seen two dark daslies, representing, 
donbtlees, two ciliary waves, bnt wKich have all tho 
appearance of tangible objects, sometimes withdrawn, 
sometimes protruded, and often vibrating with a rapid 
snatching movement. 

Tlieso vases are of the usnal appearance in Infuso- 
ria. Their substance is the clear transparent colourless 
Barcode, but it contains within it more or less of the 
cloudy nebulous matter which we have been lately 
familiar with. There are several globular vesicles or 
vacuoles, some ready to imbibe colour from pigment, 
and othere already occupied with brown food, while in 
each case we see, near tlie centime of tho vase, a longisli 
body of clear granular texture, which is called the 
nucleus, and which seems to play an essential part in 
the vital economy of the animal. 

Tho movements of a gi'oup such as that we are 
looking at are very sprightly and pleasing. The vases 
turned in all directions, some presenting their mouths, 
some their sides, some their bases to the eye ; inclined 
at various angles from the perpendicidar, and bending 
in diverse degrees upon the extremity of their stalks ; 
swaying slowly and gracefully to and fro, as driven 
hither and thither by tlie ciliary currents, and, above 
all, ever flying up and down within the length of their 
radius, as a bird when confined by a sti'ing ; — all these 
circumetances impart a charm to this elegant auimal- 
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cule, which enables us toloil lin^ it itwitl Dut wear 
riness. 

This last movement is peealiar, iiid woithy of a 
moment's closei examination The stilk, wiien ex- 
tended to the utmost, is an clastic gltssy thieid, nearly 
fiti-aight, like a wire, but nevei &o absolntely straight 
as not to show slight nndulations Tlie stilk when 
thus rendered tense by extension, is highly sensitive 
to vibrations in the surionndmg medmm, and as in 
the circumstances m which we obsene the animals, 
such vibrations must be every instant communicated 
to the vessel in which they are confined, the stalks are 
no sooner tense than they contract with alarm. This 
depends on a contractile cord which passes throughout 
the entire length of the stalk, and which ia distinctly 
visible in the larger species as a naiTow band. "Wo 
can scarcely err in considering this ribbon as a rudi- 
mentary condition of muscle, though we do not recog- 
nise in it some of the characteristic conditions in which 
we are accustomed to see it in higher animals. 

The contraction of the muscle is very sudden, ener- 
getic, and complete. Willi a rapidity which t'.ie eye 
cannot follow, the vase is brought down almost to the 
veiy base of the stalk. Then it slowly rises again, and 
now we see, what we could not discern in the act of 
contraction itself, that in that act the stalk was thrown 
into an elegant spiral of many tnrns, which at the ut- 
most point of contraction were packed close on each 
other, but which in the extending act gradually sepa- 
rate, and at length straighten their cui'ves. 

In any stage of the extension, the sudden contact 
of the vase with any floating or fixed object apparently 
causes alarm, and induces the vigorous contraction; 
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but vibrations, even wlien so violent as those produced 
by tapping the stage of the microscope with the finger- 
nail, have no effect unless the stalk be tense, its own 
power of vibration being then only developed, jnst aa 
a cord becomes musical in the ratio of its tension. 

It is not until we view tliese creatures with a good 
microscope that we acquire an adequate idea of their 
beauty : for myself, at least, it was so. I had seen en- 
gravings of many of tlie invisible animalcules, and bad 
read technical descriptions ; but of their brilliant trans- 
parency, their sudden and sprightly motions, their gen- 
eral elegance and delicacy, and the apparent intelli- 
gence with which tbey are endovred, neither boolts nor 
engravings had given me any conception. 

Some of the individuals iinder our present exam- 
ination ai-e exhibiting phenomena of no less interest 
than tlieir form and motions. Some of the stalks are 
terminated by two vases instead of one, which appear 
to spring from a common point. These, however, are 
the result of the spontaneous splitting of one ; and in 
other examples yon may see the process in difforont 
stages, or, if your patience endure a couple of hours' 
watching, you may trace the whole phenomena, as I 
have done, from the moment when it firet becomes re- 
cognisable, to its completion in the freedom of one of 
the newly fonned animalcules. 

For instance, you perceive that one of the bells 
instead of being vase-shaped, has assumed a globulai' 
form. By keeping your eye on this for only a few 
moments, you detect a depression forming in the midst 
of its front outline, which momentarily deepens, until 
it is manifestly a cleft. The division proceeds down- 
wards, the two halves healing simultaneously, so that 
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they are at all times perfectly smooth and rounded ; at 
length two vasea appear, eido by side, where a tew 
ininiites heforo there bad been but one. 

One of these is destined to bo ultimately thrown 
off, while the other retains sole possession of the stalk. 
Tou soon see which it is that is going to emigrate ; for 
though the two are alike in size, the roving one early 
closes the month of the vase, becoming smooth and 
globular there, never to open again. The cilia, now 
therefore become useless, disappear by absoi-ption ; but 
meanwhile a new circle of these orgaus are developed 
around the basal extremity of the vase, and these, 
every instant becoming more vigorous in their motions, 
Bway the little globe about on its point of attachment, 
At length the connexion yields, brealis, and tlie ani- 
malcule shoots away, i-owed by its hundred oare, to 
find a new abode, and to found a new colony. 

Here and there you see shooting through the gronp, 
■with a rapid gliding movement, an oblong clear body, 
Tliis is one of the vases, formed by self-division, and 
exercising its newly found power of locomotion. It is 
giddily roving hither and thither, until the instinct of 
wandering ceases, when it will soberly settle down, 
atHx itself by the point which was formerly its moiitli, 
whence a new stalk will gradually grow, and opening 
a new mouth in the midet of the new crown of cilia. 

I believe that the division is sometimes transveree 
instead of longitudinal, the cleft occurring by constric- 
tion across the middle of the vase ; but this I have not 
seen. In whatever direction it takes place, it is essen- 
tial that the oblong granular body, called the nucleus, 
which you see in each vase, be divided, tlie cleft pass- 
ing througli the middle of tliis substance, a portion 
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of ivliich is tlierefore appropriated to eacli new made 
animal. 

That tlie eBsential vitality of the creature resides 
in tliis nucleus is shown by another and highly eurions 
mode of increase, namely, tliat which is effected by 
encysUon. Let ua search the live-bos carefully, for 
amidst eo great a profusion of Vorticellm as we have 




on tliis^ Witella, it wiil go hard if we do not find some 
individuals in the encysted stage. 

Look at this elegant object. It resembles a trum- 
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pet of the clearest glass, with a rounded extremity, and 
witli tho beae affixed to the weed, from whicii it stands 
lip erect. Within the expanded part of the trampet 
there is a turhid mass, -with a perfectly defined outline, 
from several points of which proceed radiating pencils 
or tufts of long, straight, stiif, clastic filaments, like 
threads of spnn glass, varying greatly in length, and 
each tenninated by a little knob of the same material. 
The tout ensemble of this object is very attractive and 
beautiful, and its history is a tale of marvels. 

No wonder that Eiirenberg, supposing this form to 
be an independent animal, gave it a generic and spe- 
cific name. He called it Aoineta tnystaGi^ia. For who 
would have suspected that this stiff and motionless ob- 
ject, with its tufts of flexible but inanimate threads, 
had any connexion with tiie sprightly vases which we 
have been examining? Yet it is tlie same animalcule, 
in what we may, with a certain liberty of phrase, call 
its clirysaiis condition ! 

The history of the Yorticella, as it has been elabo- 
rately worked out by Dr. Stein, exhibits phenomena 
analogous to those maiwellous changes which we lately 
considered under the appellation of tlie Alternation of 
Generations. Large individuals withdraw their circle 
of cilia, close up the mouth, and become globular, 
and then secrete from their whole surface a gummy 
substance, which hardens into a spherical transparent 
shell, inclosing the Vm-iicella in its cavity, in the form 
of a simple vesicle. Within this vesicle is seen the 
hand-shaped nucleus, unchanged, and what was the 
contractile bladder, which, however, no longer con- 
tracts. 

By and by this torpid Vortieella enlarges itself ir- 
20* 
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regularly, pushing out its substance in tufts of threads, 
and frequently protruding from one side a larger iiiass, 
which becomes an adhering stalk. Thus it lias become 
an Acinela, such as we now behold. 

From this condition two widely different results 
may proceed. In the one case, the encysted Yorti' 
eella separates itself from the walls of the Aoineta, con- 
tracts into an oval body, furnished at one end with a 
eircle of vibratory cilia, by whose movements it rotates 
vigoronsly in its prison, wliile the more obtuse end is 
perforated by a mouth leading into an internal cavity. 
In the interior of this active oval body there are seen 
the band-like nucleus, and a cavitj' which has again 
begun to conb'act and to expand at regular intervale. 
It is, in fact, in every respect like a Yorticella vase, 
which has just freed itself from its stalk. Presently, 
the pei-petnal ciliary action so far thins away the walls 
of the Acineta that they burst at some point or other, 
and the little VorUeeHa breaks out of prison, and com- 
mences life if esl The Aoineta, meanwhile, soon 
heals its vo d anl nfter a while develops a new 
nocleus, mI cl ^iste tl rough the same stages as I 
have desci be 1 a 1 b its out a second Yortieella. 

But the cycle of chmges may bo quite different 
from this. Feu sometimes the nucleus within the 
Aeineta, instead of forming a Yorticella^ breaks itself 
up into a great number of tiny clear bodies, resem- 
bling Monads, which soon acquire independent mo- 
tion, and glide rapidly about the cell formed by tlie 
inclosed Yorticella-hoAf as in a little sea. But by 
and by, tliis body, together with the Acineta wall, 
suddenly burets, and the whole group of Monad-like 
embryos are shot out, to the number of iiiirty or up- 
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■wards. The Aeineta now collapses and disappears, 
having done its office, while the enibrjos shoot hither 
and thithei" in newly acq^nired freedom. It is asennied, 
on pretty good grounds, that tliese embryos soon be- 
come fixed, develop stalks, which are at firet not con- 
tractile, and gradually grow into perfect YortiodlcB 
small at the beginning, but capable of self- division, and 
of passing into the Acineta stage, and gi-adually attain- 
ing the full size of the race. 

Some forms of the same family, Yorticellado), are 
interesting as dwelling in beautiful crystalline houses, 
of varions shapes, always elegant. All these have 
been ascertained to pass through the same or similar 
Acineta stages. Cothumia imlerbis is one of the 
prettiest of these. The cell is of an elegant ampulla- 
like form, perfectly transparent and colourless, set on 
a stifi^ foot, or short pedicle, wliich shows many trans- 
vei-se folds, like those of leather. From tlie month of 
tlie vase projects the animal, whose form may be dis- 
tinctly traced tlirough the clear walls of the cell, at- 
tached to its bottom, whence it stretches upward when 
seeking prey, or to which it shrinks when alarmed. 

In the former condition the body resembles a much 
elongated YorticeUa, with a similai- circular orifice, set 
round witli cilia. Often the animal performs its ciliary 
vibrations within the shelter of its house, not venturing 
to proti-ude beyond its I'ira, If carmine he mixed with 
the water, the atoms are seen in the customary vortex, 
and some are occasionally drawn into the cell neariy 
liaif-way down its cavity, and tlien swiftly driven ont 
again. On a slight tap upon the table the animal 
withdraws, and in the same moment the urn bends 
down upon its leathery pedicle, at a point where thei'e 
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m angle, until the rim of the cell is in con- 
tact with the plant to wSiich it is attached. This action 
ia instantaneous. Presently, liowever, it I'lsea, and re- 
sumes its Ibi-mer position, and then the mouth of the 
cell slowly opens, and tlie animal again jjrotrndes, the 
cilia appeai'iiig firet, and finally the head of front part 
of the animal, -which is tlien opened and begins to 
rotate. 

Very similar to this are the Vaginicolw, hut tlio 
cells which they inhabit are not stalked, but are im- 
movably affixed to plants. In V. Grysiallvna, the cell 
is a tall goblet, standing erect, perfectly colourless ; 
while in Y. decumbens, it is slipper-shaped, attached 
along its side, and of a golden-brown luie, but still 
quite transparent. Here ia, fortunately, a group of 
the latter species, scattered about the leaves of the 

Tliough, in general, botli in form and habits, 
closely like the Cothumia, yet the Vaginicola hss 




some peculiarilies of interest. The cilia are more de- 
veloped, and can be more distinctly seen than in either 
Cathmnia or Yorticella, forming, when in swift action, 
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a filmy ring above the margin, along wliicli, as it' upon 
a wheel, one or more dark points are frecLiieiitly seen 
to rnii swiftly round ; the optical expression, as I pre- 
BTirae, of a momentary slackening in the speed of tlie 
wave. The act of selt-division takes place in this 
animal, as in the Yortiedlm / and it is cui-ions to see 
two Vaginicola, exactly alike, lovingly inhabiting the 
same cell. One of the cells which we arc now exam- 
ining is in this doubly tenanted condition. 

I will now exhibit to yoii some examples of the 
most highly organized forms of this class of animals, 
in which we discern a marked superiority over any 
that we have yet looked at, and a distinct approach to 
those animals whose more precise movements are per- 
formed by means of special limbs. These creatures 
are excessively common, both in fresh and sea water, 
wherever vegetable matter is in process of decomposi- 
tion ; and hence their presence can at all times be com- 
manded by keeping infusions. In this old infusion of 
sage leaves for instance, they occur in vast multitudes, 
past all imagination; as you may see with a lens in 
this drop. 

This group belongs to the genus StylonycAia, and 
I believe to the species S. pustidata. It presents the 
form of an oval disk, which, when seen sideways, is 
found to be flat beneath and convex above. It com- 
monly swims with the belly upwards, and when ex- 
hibited on the stage of the microscope, in almost every 
case, this surface is presented to the eye. It darts 
about veiy in-egularly, with a bobbing motion, rarely 
going far in one direction, but shooting a little dis- 
tance, and then instantly i-eeeding, turning short round, 
and starting hither and thither, eo fitfully that it is very 
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difficult to obtain a fair sight of its structure. Its mai'- 
gin, however, is surrounded by short cilia ; the month, 
which is a long opening on the front part, and at the 
left side (as to the animal) of the ventral surface, is 
fringed with long cilia, which are continually vibrating. 
These are the organs of the darting motion ; but tlie 
creature crawls like a mouse, along the stems of con- 
ferva^ &c., which it performs by means of curved spines, 
called unciiii, near the front part, the points of which 
are applied to the stem, and also by long stiff styles, or 
bristles, -which project backward and downward from 
the hinder part. Sometimes the animalcules crawl for 
a moment back-downward, on the inner surface of the 
glass cover, when the bases of tlie anterior curved 
spines appear dilated like large spots. The spines are 
not capable of much action, but they are rapidly used. 
The general appearance of the creature reminds us of 
the little "Wood-louse or Armadillo of our gardens. The 
interior of the body is occupied with a granular sub- 
stance, in which are scattered many globular, vesicles 
of different sizes. T!ie animal is very transparent, and 
almost colourless. They increase very fast by trans- 
verse division, which ia performed under the micro- 
scope, so as gi-eatly to increase the number under ex- 
amination, even in an hour or two. A constriction 
forms in the middle of one, which quickly deepens, 
dividing the oblong creature into two of circular figure. 
The mouth of the new one, with its vibratile cilia, is 
formed long before separation is complete, and at the 
same end and side as in the parent. The styles and 
bi'istles then form, and the creatures are held together 
for a few seconds by these organs, even when the 
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bodies are diatiiictly severed. When separated, tliey 
retain tlie round form for some time. 

"When a drop of water is examined between two 
plates of glass, it is amusing to observe tlie numbers 
that eongi-egate in tlio sinuc«ities left by the gradual 
drying of the fluid. This probably becomes unfit for 
respiration, for the motion of the cilia becomes more 
and more languid, and the creatures die before the 
water is dry. They not only die but tianish, so that 
where there were scores, so close that in moving they 
indented each other's sides and crawled over one 
another^ — if we look away for a few minutes, and again 
look, wo Bee nothing but a few loose granules. This 
puzzled me, till I watched some dying, and I found 
tliat each one burst and as it were dissolved. The 
cilia moved up to the veiy last moment, especially the 
strong ones in front, imtil, from some point in the out- 
line, the edge became invisible, and immediately the 
animal became shapeless, and from the part which had 
dissolved tlie interior parts seemed to escape, or rather 
the skin, so to speak, seemed to dissolve, leaving only 
the loose viscera. From the midst of these then pressed, 
as if by the force of an elastic fluid within, several 
vesicles of a pearly appearance, varying in number and 
size, and then the whole became evanescent. 

Tou will have observed that the admixture of car- 
mine to the water, while the animalcules were active, 
shows tlie direction of the ciliary motion with great 
distinctness. The particles fonn two vortices, one on 
each side of the front, which meet in the centre in a 
strong cuiTont, and pass ofl^ behind tiie mouth on each 
side. We do not perceive that any of them swallow 



Hooted by Google 



472 EVENINGS AT THE MICROSCOPE. 

tlie particies of carmine, for tlie internal vessels remain 
colourless. 

I have found that if a drop of water containing 
these animals, be placed on a slip of glass exposed to 
the open air, they do not burst as the water dries 
away ; but dry flat on the glass, their bodies broader, 
but shorter than when alive, and quite entire. Their 
cilia are then very manifest. On being again wetted, 
though after only a few miimtes' desiccation, I have 
never been able to revive them, iior any other Infu- 
soria in like circumstances, notwithstanding what is 
stated in books. 

Here is another species in ec[ually amazing pro- 
fusion, S. mytilus. Its form is oblong, with rounded 
extremities, the anterior obliquely dilated. This spe- 
cies affords a good example of the various organs of 
locomotion. A transparent oblong shield, which is 
quite soft and flexible, is spread over the back, which 
does not prevent the eye discerning all the organs 
through it, though much more commonly the animal, 
when under the microscope, crawls belly-upward, 
beneath the glass cover of the live-box. Around 
the anterior pai't, which is broadened, are placed cilia, 
which are vihratilo ; these are continued round the 
mouth, a sort of fold on the side. Towards tlie posterior 
extremity on each side aro other rows of cilia, which 
being large are well displayed. On the ventral surface, 
chiefly towards the front part, are seen several thick 
pointed processes, shaped like the prickles of a rose, 
but flexible, and capable of being turned every way. 
These are the undni, and are evidently used as feet, 
the tips being applied to the glass. Tlie optical effect 
of the tlirowing about of these uncini, when the place 



Hooted by Google 



473 

ivhich tliey touch is in focus, is very cnrious. Tliey 
are rapidly moved, "but without regularity; the tips 
bend as tliey touch the surface of the glass ; some 
of them seem to have accessary Lairs, equally long, 
but slender, proceeding from tlie same base. On the 
liinder quarter of the ventral surface are several thick 
pointed spines ; these are inilexible, nearly straight, 
placed side by side, hut not in regular order, some 
reaching beyond othere. I have not seen these used, 
but tliey commonly remain sticking out in a horizontal 
direction. These organs are termed styles. Besides 
these, there are three slender bristles, called seUB, 
placed at the hinder extremity, the central one in the 
line of the body, the othere radiating at an angle. 
These arc distinguished from the cilia, not only by tlieir 
length, but by not being vibratile. Tlie motions of 
tliese animals are powerful, but irregular and fitful, 
very much like those of the foi-mer species. Tliey dart 
hither and thither, backward as well as forward, oc- 
casionally shooting I'ound and round in a circle, 
with many gyrations, much like the pi-etty little 
polished beetles {Gyrinus) that play in mazy dances on 
the surface of a pool. The two extremities seem 
covered with minute pita or stipplings, but colourless ; 
the central part is occupied with yellowish granules pf 
different sizes, 

I once witnessed the dissolution of one of these 
animals under peculiar circumstances. Two or three 
stems of an aquatic plant had become crossed in the 
live-box so as to form an area, into which the Stylcmy- 
ehia had somehow introduced himself. There was just 
room for him to move backward and forwai-d without 
turning, and the space was about three times his own 
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length. Within this narrow limit he impatiently con- 
tinued crawling to and fro, moving his uncini with 
great rapidity and eliowing their extieme iltxibility, 
for as he applied them now to the stem, now to the 
surface of the glass, these whip-like uncini i^eie some- 
times bent double. The so-called stjles at the posterior 
extremity, though less frequently ubcd so, were yet 
occasionally bent and applied to the suilace as feet, so 
that they are cci'tainly not inflexible as supposed, nor 
do I see any essential difference between them and tlie 
uncini. The whole body was flexible, taking the form 
of any passage or noot into which it was thrust, yet 
recovering its elasticity immediately the pressure was 
removed. Its proper form appeai^ed to be convex 
above and concave beneath, rather than flat. After 
having been thus employed about half an hour 
under my observation, it became still, moving only 
its cilia, when I left it a little while, and on my retnra 
found that it was dissolved ; the outline having en- 
tirely diaappeai-ed, and nothing being left but the 
granules, and globular vesicles, that had constituted 
its viscera, some of "whicli still contained the cai-mine 
which had been very perceptible in the living animal. 
This was the more remarkable as there was plenty 
of water It looked like suicide, a spontaneous 
cho smg of death lather than hopeless captivity. 

CommDn as these Stylotvychice are, and abundant 
beyond all cilculition where they do occur, from 
then tendency to self division, they are not so univer- 
sally met with as then cousins, of the genus Euplotes. 
These are etiU more highly organized, and will please 
you by their activity and sprightly intelligence, I am 
sure. Here are several individuals in the live-box 
at this moment. 



Hooted by Google 



INFL'SOEIA. 475 

They differ from the SiylmiycJim, in having tlie 
soft body covered witti a plate of crystal maiJ, hard 
and inflexible, much lilie the shield of a Tortoise. 
Several species have this gl^sy shield marked with 
delicate lines running lengthwise; sometimes in the 
form of parallel ridges, as in a little species found in 
infusions (perhaps E. charon ;) at others forming rows 
of minute round knobs, as E. truncatus, the species 
now before us. The shield is ample, considerably 
^^jtTimij,,^^^ overlapping Uie soft body ; 

/^^j^— — ^^^^^/^ it rises into an arched 

^^^ ^S^^^ ^~/^ ^s more or less round or 

'^>Ifll\\\^"*'ii^'*\ ^^ Hque, and extends a long 
^<^i:ii ' .:^>^ \^ y,^y (Jmivn tlie under sur- 

and fine cilia, which also spread over the front. The 
oi'gans of motion are, as before, long styles, pointed and 
rather stiff processes, which project from beneath the 
shell backwards and downwards, and sotl hook-like 
uncini which are set chiefly near the fore part of the 
inferior surface. In tho species before us, these are 
about six or seven in number, but in E. charon they 
are mora numerous. The twinkling rapidity witli 
which these little foot are applied to the surface in 
crawling affords a pleasing sight; particularly when 
the animal is running back-downwards on the upper 
glass plate of the live-box. Some species have bristles 
{or set<B) affixed to the hinder part of the shell, from 
which they diverge. In E. tnmcatus these are four, 
bnt thoy are wanting in E. chwron. Tlie body displays a 
mass of granules, vacuoles, and vesicles of different sizes. 
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These are very beautiful objects ; and their 
sprightly motions, and apparent intelligence, give them 
an additional interest. They crawl more than they 
swim, running with great svpiftnesa liitlier and thither, 
frequently taking short etarts, and suddenly stopping. 
Tlie specimens -which we are examining are taken from 
water which had been kept in a jar for several weeks. 
The vegetable niattci-s are decaying, and among t}ie 
sterna and filaments tliis pretty speciea crawls and 
dodges about. It seems reluctant to leave the shelter 
of the decaying solution ; sometimes one will creep out 
a little way into the open water ; but in an instant it 
darts back, and settles in among the stems and floccu 
lent matter. Any attempt by turning the glass cover 
to bring it out into view only makes it dive deeper into 
the mass, as if seeking concealment. Tliis is about 
ji^tli of an inch in length of lorica ; and the E. charon 
is not more than oiie-fourtli of this size. These crea- 
tures remind one of an Oniscus, especially when in 
profile. 

There is an animal very closely allied to tliese, but 
miich more beautiful, being of a clear greenish trans- 
lueency, with several vesicles filled with a rose- 
coloured or pui-ple fiuid of much brilliancy. This 
creature, which bears the name of Chlwimdodon, has 
the peculiarity of a set of wand-like teeth arranged in 
a hollow cylinder. 

And with these we dismiss the Infiisoria, a class of 
animals, which, from their minuteness, the number and 
variety of their species, their exceeding abundance, tlie 
readiness with which they may bo procured, and, as it 
were, made to our hand (by simply steeping vegetable 
matter in water, and the imcertainty which still pre- 
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vails as to many parts of tlieir sti'ucture and economy ; 
and therefore, as to their true affinities in the great 
Plan of creation— offer one of the most promising 
fields of research which a yonng microseopist conld 
cultivate. 



These are thy glorious works, Parent of good 

Almighty ; thine this uniTeraal frame ; 

Thus wondcoua fair; Thyself how wondrous then! 

Unspeakable, mho sitt'st above these hoav'ns. 

To ua invisible, or dimly seen 

la these thy lovmt marks ; yet these declare 

Thy goodness beyond thought, and power divine. 
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